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ABSTRACT

Commercially available low temperature thermocouple wire from
all major manufacturers has been exhaustively tested to determine the
inhomogeneity and interchangeability characteristics of the wire, The
results of special tests to determine the effect of straining or kinking
thermocouple wire are also given. Previously printed low temperature
thermocouple tables have been smoothed in the first and second differ-
ences and are included as an appendix to the report. Spot calibrations
between liquid helium and liquid nitrogen temperatures and between
liquid nitrogen and ice temperatures show that these tables are sufficient
for most engineering requirements, Preliminary work on several gold-
iron alloys indicates that these alloys will allow more accurate thermo-
electric temperature measurement in the liquid helium - liquid hydrogen

temperature range.

iv




INTRODUCTION

The overall objectives of the thermometry work being done in the
Cryogenics Division may be divided into three phases: 1) Establishment
of thermocouple calibration tables for cryogenic use, 2) Development of
new thermocouple materials for the temperature range from 4° to 90°K,
and 3) State-of-the-art resistance thermometer evaluation. Phases 1
and 2 are being done entirely by the Properties of Solids Section while
phase 3 is being done primarily in the Cryogenic Metrology Section.

The primary purpose of the thermocouple project is to character-
ize the commercially available thermocouple materials which are com-
monly used at cryogenic temperatures. This characterization includes:
1) producing an acceptable calibration table for each of these materials,
2) determining the degree of inhomogeneity to be found in each type of
wire from each manufacturer, 3) determining the degree of interchange -
ability of commercially produced wires, and 4) determining the sensi-
tivity of various types of wires to phyéical abuse such as straining and
kinking. An undetermined but probably incredibly large amount of time

and money has been wasted because this information has not been avail -

able in the past. The increasing use of cryogenic fluids in our aerospace,

military, and research industries demand reliable information concern-
ing today's thermocouple materials.

Newly generated calibration tables for the common materials are
given in Appendix A. These tables are smoothed versions of previously
distributed tables. Extensive spot checking has shown that these tables
are acceptable for engineering work with presently available thermo-

couple material., In order to make the tables as useful as possible, a




thermocouple data service has been established and is operated by the
Cryogenic Data Center, NBS, Boulder. This service has been used by
virtually all of the major aerospace companies and many universities
and research centers, A detailed description of this service is given in
Appendix B of this report. The computer program used in the thermo-
couple service has been written using three principle computer languages
- Fortran II, Fortran IV, and Fortran 36, The existence of these three
forms makes the program compatible for use in most large computer
installations, Appendix C contains listings of the programs in each of
the above forms.,

An extensive experimental program to determine the homogeneity
and interchangeability characteristics of commercial low temperature
thermocouple materials has been completed. The information made
available by these tests will be valuable to both the manufacturers and
users of thermocouples. Manufacturers will now have definite guide-
lines to check their wires against with respect to homogeneity and batch
to batch reproducibility, The inhomogeneity and interchangeability data
give the user another useful criteria to follow when choosing a thermo-
couple system. Special tests on the effect of kinking or straining ther-
mocouple wires may be used to more effectively determine when a par-
ticular thermocouple system has been damaged to the extent that the un-
certainty in the output exceeds tolerances.

An important secondary aim of the project was to study new ther-
mocouple materials which would extend the usefulness of this method of
temperature measurement, Extension of accurate temperature mea-
surement with thermocouples at and below liquid hydrogen temperature
is of particular interest. There is also a growing need for a material
for use as a standard reference material for temperatures below liquid

nitrogen temperature,




In the course of our work we have found it necessary to develop or
expand several techniques which are necessary for precision thermom -
etry. Some of the problems studied are: 1) consistent methods for char-
acterizing the inhomogeneities of thermocouple wires, 2) spot calibra -
tion of capsule type platinum resistance thermometers at the triple point
of water, 3) Mueller bridge calibration and use, and 4) statistical meth-

ods of data acquisition.

COMMERCIAL THERMOCOUPLES

The materials commonly used at cryogenic temperatures and which
are referred to as commercially available are copper, constantan,
Chromel, Alumel, normal silver (Ag 0.37 at.% Au), and Au 2.1 at.% Co.
Our test inventory of these materials was made up of several spools of
each material from each major manufacturer,

The dip test program performed with these materials was designed
to give inhomogeneity data for short range, medium range, and long
range wire samples. In addition to the homogeneity tests an additional
dip test was done to allow comparison of this wire with wire used in
previous work. Since a different probe configuration was required to
examine each of the properties mentioned above, four different sample
probes were made for each spool of thermocouple wire. The make-up
and purpose of these four probe types are as follows:

Type 1: Probe type 1 is made from a single continuous wire.
Approximately 15 feet of this wire is coiled on a
bakelite tube and the two free ends are connected
across a potentiometer. The probe is lowered
into a cryogenic bath, and the magnitude of the

emf output is observed. The emf is due to




Type 2:

Type 3:

inhomogeneities in the wire for the given tem-
perature gradients. The short range (approxi-
mately 15 feet) inhomogeneities are thus deter-
mined.

The data from this type of probe will be valuable
to users since, for instance, this will be the
effect they can expect as the liquid level changes
along their thermocouple wires.

Probe type 2 is a single leg thermocouple with
one wire from the front of a roll and the other
wire from the back of the same roll. This
probe allows us to see any differences in the wire
that might exist after many feet of wire have
been used. The output from this type of probe
is due to medium range inhomogeneities (100

to 500 feet). The results of the probe type 2
data will be helpful to a user in that he will
know how much difference to expect in the first
and the nth thermocouple from the same roll of
material,

Probe type 3 is again a single leg T C. In this
case, however, the two legs are taken from dif-
ferent rolls of the same material. The data
from the test will provide the user with an indi-
cation of what to expect when he makes two
thermocouples from different rolls of the same
material. These results are termed the long

range inhomogeneities.



Type 4: Probe type 4 is a common differential T C.

It is used to compare the emf from our sample
wires to the emf's given in Circular 561 and
previous low temperature calibrations. The
wires finally chosen for calibration should
allow a smooth fit with the existing standard
T C tables.

Schematic representations of the probe types are given in figure 1.

Probe types I, II, and III were tested at liquid nitrogen and liquid
helium temperatures. Condensed results of these tests are tabulated in
Table I. The type IV differential thermocouple was tested from liquid
helium temperature to liquid nitrogen temperature and from liquid
nitrogen temperature to ice temperature, Table III gives the results of
the differential thermocouple tests. In general the agreement with the
interim low temperature tables is quite good. As a result of these
industry-wide sampling tests, it has been shown that the calibration
tables distributed in the summer of 1965 amply fill most engineering
needs for thermocouple tables,

A number of samples of each material were given special tests to
determine the effect of accidental kinking or straining. The test samples
for these tests were made by deliberately kinking one leg of the thermo-
couple in the "kink'' case and by elongating one leg by 2% in the strain
case. The results of the kink and strain tests are compared to the un-
damaged tests in Table II. This was not an exhaustive test of each sam -
ple from each manufacturer, but the general effect of abusing a thermo-
couple wire is evident. In normal assemblies, the additional voltages
caused by accidental hard-working of the alloys should be equal to or

less than those given in Table II.



SCHEMATIC OF THERMOCOQUPLE DIP TEST PROBES

TYPE I
Detection
/

Circuit

SINGLE CONTINUOUS

WIRE .
TYPE II
/ Detection
Circurt
.o
C D

C- FROM SPOOL ONE.

O- FROM SPOOL TWO OF SAME
NOMINAL MATERIAL.

Figure 1

TYPE @I
Detection
Circurt ~
O
A B

A - FROM FRONT OF SPOOL
B- FROM BACK OF SPOOL

. TYPE I
Detection
Circurt
o
A A
B

COMMON TWO MATERIAL
THERMOCOUPLE CIRCUIT
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DEVELOPMENT THERMOCOUPLES

At the present time no commercial thermocouple material is sen-
sitive enough to allow good absolute temperature determination below
liquid hydrogen temperatures. At liquid hydrogen temperature Chromel
vs. Au 2.1 at. % Co is sufficiently sensitive, but Au 2.1 at.% Co is a
supersaturated solid solution at room temperature and is unstable. 5%
shifts from calibration have been observed over a 2-year period in this
laboratory. There is, therefore,an urgent need in the aerospace and
scientific industries for a stable, sensitive thermocouple material to be
used in the very low temperature range,

Several '"exotic' materials have been evaluated by dip tests simi-
lar to those discussed previously. The new materials tested have been:
1) Au0.02 at. % Fe, 2) Au 0,03 at.% Fe, 3) Au0.07 at.% Fe, 4) Rh 0.5
at.% Fe, 5) Au 10% Ni, and 6) Au 18% Ni. The gold-iron alloys are the
most promising of the new materials tested, Figure 2 gives the sensi-
tivity vs. temperature relationship for the gold-iron alloys when paired
with Chromel or normal silver wire as the passive element. These
curves illustrate the high sensitivity of the gold-iron alloys as com-
pared to the gold-cobalt alloy in the 1 to 15°K range. The Chromel vs,
Au 0.07 at.% Fe appears to be sufficiently sensitive to use over the
entire cryogenic range. The curves shown in figure 2 have been calcu-
lated using data from several different sources and should be considered
for their general form only! 34, 5]

The standard reference material for the thermocouple industry is
platinum. For thermocouple specifications at liquid nitrogen temper-
atures and above platinum fills the reference material requirements

quite well. At liquid hydrogen and liquid helium temperatures platinum

10
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has the same deficiency as all pure metals - extreme thermoelectric
sensitivity to trace impurities. A new reference material is therefore
needed which will allow manufacturers to reliably specify the character-
istics of their wires in the very low temperature range.

Work done in this laboratory indicates that Ag ~ 28 at. % Au meets
the requirements of a low temperature thermoelectric standard. A plot
of sensitivity vs. atomic percentage of gold in silver shows that the sen-
sitivity of this alloy varies by only 0. 01uv/°K between nominally 26 - 30
at.% gold. Other criteria considered inthe selection of this particular
alloy are stability after repeated thermal cycling, low thermal conduc -

tivity, ease of handling, and availability in quantities needed.

RESISTANCE THERMOMETRY

The reference thermometers to be used in the thermocouple cali-
brations were a calibrated platinum resistance thermometer from 20°K
to 300°K and a calibrated germanium resistance thermometer in the 4°K
to 20°K range. In order to maintain strict statistical control three ther-
mometers of each type were required. One germanium thermometer
was calibrated by NBS, Washington. No further preliminary work was
required on the germanium thermometers.

Several of the L & N capsule type thermometers with NBS calibra-
tions were available; however, the calibrations were several years old.
This, coupled with the fact that each thermometer had been used re-
peatedly since being calibrated, required us to spot check the available
thermometers. If they were acceptably close to the original calibration
at the triple point of water temperature, only minor corrections to the
original calibration would be required. The corrected calibration could
be accurately checked in the liquid hydrogen and nitrogen temperature
range with a vapor-pressure bulb especially designed for calibration of

resistance thermometers,

12




Very little could be found in the literature regarding the type of
tests we were attempting on the capsule type thermometers., Our tech-
nique, therefore, developed by trial until our results were as consistent
and precise as our instrumentation would allow. A few of the refine-
ments that developed in the course of our triple point of water experi-
ment are listed below:

1. The capsule type thermometer must be fitted in a mandrel
of Cu or Al to insure a good and consistent heat path to the
triple point temperature.

2. The triple point cell itself must be allowed to age for at
least one day after freezing the mantle,

3. In order to keep a particular ice mantle for an extended
period the cell must be insulated in slush ice at all times.

4, The lead in wires must be tempered in both the cell in-
sulating slush and the inner well liquid.

5. Octoil is better for inner well liquid than is alcohol since
the alcohol absorbs water and causes high resistance
shorts between leads.

6. Enamel or formvar coated wires cannot be used in con-
tact with the slush due to high resistance shorting.

Figure 3 shows the triple point cell and platinum resistance thermom-
eter in their final arrangement,

A relatively large difference in our precision and accuracy led us
to an investigation of the commonly used calibration procedure for the
Mueller bridge. Our work prompted the 1965 revision of '"Calibration
of Mueller Bridges' by Paul P. B. Brooks. A description of the '"cali-

brator' which we developed is included in this revision. This calibrator

[,
LTS
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eliminates the need for an expensive direct reading ratio set which was
previously called for. The cost of equipment needed for a precise cali-
bration is reduced by more than half, thus allowing more laboratories
to use better calibration procedures.

We also found that the Mueller bridge resistance readings are
critically dependent on the bridge warm-up time. As may be seen in
figure 4, approximately 10 hours must be allowed for 100uQ accuracy
and about 40 hours for 10uf2 accuracy. Zero time in figure 4 is taken
as the time at which the temperature controller begins regulation.

‘ We did a rather brief evaluation of several GaAs diodes. Our
data indicated a bend in the voltage near liquid hydrogen temperature,
thus making analytical representation very difficult. For our purposes
the GaAs diodes offered no special advantages over other available

types of thermometers.

-
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APPENDIX A

|

Thermocouple tables in degrees Kelvin (0°K reference) or

degrees Celsius (0°C reference) for the following materials:

1)
2)
3)
4)
5)
6)
7)
8)
9)
10)

Copper vs. Constantan

Copper vs. Gold-cobalt

Copper vs, ''normal' silver
Chromel vs. Alumel

Chromel vs. Constantan
Chromel vs. Gold-cobalt

Iron (J) vs. Constantan

Iron (Y) vs. Constantan
""Normal' silver vs, Constantan

""Normal'" silver vs. Gold-cobalt



THERMOCOQUPLE TABLE FOR COPPER VS CONST., ISA TYPE TP-TN + BASED ON
NAT. BUR. OF STANDARDS PUB. R-188 WITH CALC. MULT. FACTCR OF 1.000.
GENERAL » LOT ANY « USERS REFERENCE TEMPERATURE 0. DEG. K

TEST DATE SEPTEMBER 1,69 B8Y POWELLsBUNCH

TEMP EMF CELEMF Ce/OT TEMP EMF DELEMF DE/DT
DEG K MIC VvV MIC V MIC V/DGK DEG K MIC v MIC V MIC V/DGK

1 0.17 0.17 0.331 41 233.3 10.4 10.505
2 0.66 0.49 Ce657 42 243.9 10.6 10.703
3 1.48 0.82 0.978 43 254.7 10.8 10.898
4 2.62 1.14 1.295 44 265.7 11.0 11.091
5 4.07 1.45 1.607 45 276.8 11.1 11.282
6 5.83 L.76 1.91¢4 46 288.2 11.4 11.470
7 7.90 2.C07 2.2117 47 299.8 11.6 11.656
8 10.27 2.37 2.515 48 311.6 11.8 11.840C
9 12.93 2.66 2.808 49 323.5 11.9 12.022
10 15.88 2.95 3.096 50 335.6 12.1 12.202
11 19.12 3.24 3.3890 51 347.9 12.3 12.380
12 22.64 3.52 3.659 52 360.4 12.5 12.555
13 26443 3.79 3.933 53 373.0 12.6 12.728
14 30.50 4.07 4.203 54 385.8 12.8 12.899
15 34.83 4.33 4.468 55 398.8 13.0 13.068
16 39.43 4.60 4.731 56 411.9 13.1 13.236
17 44.29 4.86 4.992 57 425.2 13.3 13.402
18 49.41 5.12 5.251 58 438.7 13.5 13.565
19 54.78 5.37 5.509 59 452 .4 13.7 13.726
20 60.41 5.63 5.765 60 466.2 13.8 13.885
21 66.29 5.88 6.018 61 480.1 13.9 14.043
22 T2.42 6.13 6.268 62 494 .2 l14.1 14.199
23 78.80 6.38 6.516 63 5C8.5 14.3 14,353
24 85.43 6.63 6.761 64 522.9 l4.4 14.505
25 92.31 6.88 7.0C3 65 537.5 14.6 14,655
26 99.43 7.12 T1.242 66 552.3 14.8 14.804
27 106.8 7.4 T.478 67 567.2 14.9 14.951
28 114.4 7.6 T.711 68 582.2 15.0 15.096
29 122.2 7.8 71.942 69 597.3 15.1 15.239
30 130.3 8.1 8.17C 70 6l12.6 15.3 15.380
31 138.6 8.3 8.395 71 628.1 15.5 15.518
32 l47.1 845 8.617 72 643.7 15.6 15.653
33 155.8 8.7 8.437 73 659.4 15.7 15.786
34 164.7 8.9 9.054 14 675.2 15.8 15.918
35 173.9 9.2 9.269 75 691.2 16.0 16.050
36 183.3 9.4 9.481 76 7G7.3 16.1 16.182
37 192.9 F.6 9.691 17 723.5 16.2 16.314
38 202.7 9.8 9.898 78 739.9 16.4 16.447
39 212.7 10.0 1C.103 79 756.4 16.5 16.580
40 222.9 10.2 16.305 80 773.0 16.6 16.713



THERMOCQOUPLE TABLE FOR COPPER VS CONST.,

NAT. BUR.
GENERAL

TEMP
DEG K

81
82
83
84
85

86
87
88
89
90

91
92
93
94
95

96
97
98
99
100

101
102
103
104
105

106
107
108
109
110

111
112
113
114
115

116
117
118
119
120

CF STANDARDS PUB. R-188

EMF
MIC Vv

789.7
826.6
823.6
840.8
858.1

875.5
893.1
910.8
928.7
946.7

964.8
983.0
1001.4
1019.9
1038.5

1057.3
107642
1095.2
1114.4
1133.7

1153.1
1172.7
1192.4
1212.2
1232.1

1252.2
1272.4
1292.7
1313.1
1333.7

1354.4
1375.2
1396.2
1417.3
1438.5

1459.8
1481.3
1502.9
1524.6
1546, 4

y LOT ANY

TEST DATE SEPTEMBER 1,60

DELEMF
MIC V

16.7
16.9
17.0
17.2
17.3

17.4
17.6
17.7
17.9
18.0

18.1
18.2
18.4
18.5
18.6

18.8
18.9
19.0
19.2
19.3

19.4
19.6
19.7
19.8
19.9

2C.1
20.2
2C.3
20.4
20.6

20.7
20.8
21.C
21.1
21.2

21.3
21.5
21.6
21.7
21.8

CE/DT

MIC V/DGK

16.846
16.979
17.112
17.245
17.378

17.511
17.644
17.777
17.910
18.043

18.176
18.309
18.441
18.573
18.7G5

18.836
18.567
16.C97
16.227
19.357

16.486
19.615
19.744
19.873
2C.G01

2C.129
2C.257
20.384
2C.511
20.638

2C.765
20.892
21.019
21.146
21.272

21.398
21.524
21.650
21,775
21.901

TeEMP

DEG K

121
122
123
124
125

126
127
128
129
130

131
132
133
134
135

136
137
138
139
140

141
142
143
144
145

146
147
148
149
150

151
152
153
154
155

156
157
158
159
150

MULT. FACTCR OF
o USERS REFERENCE TEMPERATURE 0,
BY POWELL,BUNCH

EMF
MIC Vv

1568.4
1590.5
1612.7
1635.0
1657.5

1680.1
1702.8
1725.6
1748.6
1771.7

1794.9
1818.3
i841.8
1865.4
1889.1

1912.9
1636.9
1661.0
1985.2
2009.5

2034.0
2058.6
2083.3
2108.2
2133.2

2158.3
2183.5
2208.9
2234.4
2260.0

2285.7
2311.6
2337.6
2363.7
2389.9

2416.2
26442.6
2469.2
2495.9
2522.7

DELEMF
MIC V

22.0
22.1
22.2
22.3
22.5

22.6
22.7
22.8
23.0
23.1

23.2
23.4
23.5
23.6
23.7

23.8
24.0
24.1
24.2
24.3

24.5
24.6
24.7
24.9
25.0

25.1
25.2
25.4
25.5
25.6

25.7
25.9
26.0
26.1
26.2

2643
26.4
26.6
26.17
26.8

ISA TYPE TP-TN + BASED ON
wWITH CALC.

1.000.
DEG. K

DE/ODT
MIC V/DGK

22.0217
22.153
22.279
22.405
22.530

22.655
22.780
22.905
23.030
23.155

23.281
23.407
23.533
23.659
23.784

23.910
24.036
24.162
24.288
24.414

24.540
24.666
24.793
24.919
25.045

25.170
25.29¢4
25.417
25.540
25.663

25.785
25.907
26.028
26.148
26,268

26.388
26.507
26,625
26.743
26.86C




THERMOCOUPLE TAEBLE FOR COPPER VS CONST.,
CF STANDARDS PUB. R-188

NAT. BUR.
GENERAL

TEMP
DEG K

161
162
163
164
165

166
167
168
169
170

171
172
173
174
175

176
177
178
179
180

181
182
183
184
185

186
187
188
189
190

191
192
193
194
195

196
197
198
199
200

EMF
MIC V

2549,6
257646
2603.8
2631.1
2658.5

2686.0
2713.6
2741.3
2769.1
2797.1

2825.2
2853.4
2881.7
2910.1
2938.6

2967.3
2996.1
3025.0
3054.0
3083.1

3112.3
3141.6
3171.9
3200.6
32390.3

3260.1
329¢.0
332C.0
3350.1
33890.3

3410.6
3441.0
3471.6
3502.3
3533.1

3564.C
3595.0
3626.1
3657.3
368846

» LOT ANY

DELEMF
MIC Vv

26.9
27.0
27.2
27.3
2T.4

27.5
27.6
27.7
27.8
28.0

28.1
28.2
28.3
28.4
28.5

28.7
28.8
28.9
29.0
29.1

29.2
29.3
29.4
29.6
29.7

29.8
29.9
30.0
30.1
30.2

30.3
30.4
30.6
30.7
30.8

30.9
31.0
31.1
31.2
31.3

WITH CALC.

» USERS RLCFERENCE TEMPERATURE 0.
TEST DATE SEPTEMBER 1,60

CE/DT

MIC V/DGK

26.577
27.094
27.211
27.327
27.443

27.559
271.6175
27.761
27.907
28.022

28.137
28.252
28.366
28.483
28.594

28.708
28.822
28.935
29.048
29.161

29.274
2G6.387
26.499
29.611
29,7253

29.835
29.946
3C.057
30.168
3C.279

3C.389
30.499
3C.609
3C.719
30.829

30.938
31.047
31.156
31.265
31.373

T
DE

EMP
G K

201
202
203
204
205

206
207
208
209
210

211
212
213
214
215

216
217
218
219
220

221
222
223
224
225

226
2217
228
229

230

231
232
233
234
235

236
237
238
239

ISA TYPE TP-TN ’
MULT. FACTCR (JF
BY POWLCLL,BUNCH

EMF DELEMF
MIC v MIC V
3720.0 31.4
3751.5 31.5
3783.1 31.6
3814.9 31.8
3846.8 31.9
3878.8 32.0
3910.8 32.0
3943.0 32.2
3975.3 32.3
4Q07.7 32.4
4G40.2 32.5
4072.8 32.6
4105.5 32.7
4138.3 32.8
4171.2 32.9
4204 .3 33.1
4237.4 33.1
4270.6 33.2
4303.9 33.3
4337.3 33.4
4370.8 33.5
4404 .4 33.6
4438,2 33.8
4472.1 33.9
4506.1 34.0
4540.2 34.1
45T74.4 34.2
4608.7 34,3
4643,0 34.3
4677.5 34.5
4712.1 34.6
4746.8 34.7
4781.5 34.7
4816.4 34.9
4851.4 35.0
4886.5 35.1
4921.6 35.1
4956.9 35.3
4992.3 35.4
5C27.8 35.5

240

BASED ON
1.000.
DEG. K

DE/DT
MIC V/DGK

31.481
31.589
31,697
31.912

32.019
32.126
32.233
32.339
32.445

32.551
32.657
32.763
32.868
32.973

33.078
33.183
33.287
33.391
33.495

33.599
33.703
33.806
33.909
34,012

34.115
34.217
34.319
34.421
34,523

34.624
34.725
34.826
34,927
35.028

35.128
35.228
35.328
35.428
35.528



THERMOCOUPLE TAHLE FOR COPPER VS CONST., ISA TYPE TP-TN » BASED ON
NAT. BUR. OF STANDARDS PUB. R-188 WITH CALC. MULT. FACTCR OF 1.000.
GENERAL » LOT ANY « USERS REFERENCE TEMPERATURE O. DEG. K

TEST DATE SEPTEMBER 1,69 BY POWELL,BUNCH

TEMP EMF  DELEMF DE/DT TEwP EMF  DELEMF DE/DT
DEG K MIC V MICV  MIC V/DGK  DEG K  MIC V MIC V MIC V/DGK
241 5063.4  35.6 35.627 281 6565.4  39.4 39.413
242 5099.0  35.6 35.726 282 6604.9  39.5 39.503
243 5134.8  35.8 35.825 283 6644.4  39.5 39.593
244 5170.7  35.9 35.923 284  6684.0. 39.6 39.682
245  5206.7  36.0 36.021 285 6723.7  39.7 39.771
246 5242.7  36.0 36.119 286 6763.5  39.8 39.860
247 5278.9  36.2 36.217 287  6803.4  39.9 39.949
248  5315.2  36.3 36.315 288 6843.4 40.0  40.038
249 5351.6  36.4 36.413 289 6883.5  40.1 40.127
250 5388.1  36.5 36.51C 290 6923.7  40.2 40.215
251  5424.7  36.6 36.607 291 6964.0  40.3 40.303
252 S461.4  36.7 36.704 292 7004.3  40.3 40.391
253 5498.2  36.8 36.800 293 7044.7  40.4  40.479
254  5535.0  36.8 36.896 294 7085.2  40.5 40.566
255  5571.9  36.9 36.992 295 7125.8  40.6 40.653
256  5608.9  37.0 37.088 296 7166.5 40.7  40.740
257  5646.0  37.1 37.184 297 7207.3  40.8  40.827
258  5683.2  37.2 37.28C 298 7248.2  40.9  40.913
259  5720.5  37.3 37.375 299 7289.2  41.0 40.999
260 5757.9  37.4 37.470 370 7330.2  41.0  41.085
261 5795.4  37.5 37.565
262  5833.0 37.6 37,659
263 5810.7  37.7 37.753
264  5908.5  37.8 31.847
265  5946.4  37.9 37.941
266 5984.4  38.C 38.035
267  6022.5  38.1 38.129
268 6060.7  38.2 38.222
269 6099.0  38.3 38.315

270 6137.4  38.4 38.408 .
271 6175.9  38.5 38.5C0
272 62l4.4  38.5 38.592
273 6253.0  38.6 38.684
2764 6291.7  38.7 38.776
275 6330.5  38.8 38.868
276 6369.4  38.9 38.959
277 6408.4  39.0 35.050
278 6447.5  39.1 39.141
279 6486.7  39.2 39.232
280  6526.0  39.3 39.323

A-4




THERMOCOUPLE TABLE FOR COPPER VS CONST., ISA TYPE TP-TN » BASED ON
NAT. BUR. OF STANDARDS PUB. R-188 WITH CALC., MULT. FACTCR OF 1.000.
GENERAL + LOT ANY « USERS REFERENCE TEMPERATURE 0. DEG. C

TEST DATE SEPTEMBER 1,60 BY POWELL,BUNCH

TEMP EMF DELEMF DE/OT TEMP EMF DELEMF DE/DT
DEG C MIC v NMIC V MIC Vv/DGC DEG C MIC v MIC V MIC v/DGC
=272 -6258.58 0.22 c.380 =232 -6023.9 10.5 10.535
=271 -6258.04 0.54 C.705 =231 -6C13.3 1C.6 10.732
=270 -6257.17 0.87 1.026 =230 -6C02.5 10.8 10.927
=269 -6255.96 1.19 1.342 -229 -5991,.5 11.0 11.120
=268 -6254.48 1.50 1.653 =228 -5980.3 11.2 11.310
=267 =~6252.68 1.80 1.960 -227 -5G568.9 l11.4 11.498
-266 -6250.56 2.12 2.262 -226 -5557.2 1.7 11.684
=265 -6248.15 2.41 2.559 =225 -5945.4 11.8 11.867
=264 -6245.44 2.71 2.851 ~224 -5833.5 11.9 12.049
=263 -6242.45 2.99 3.139 ~-223 -5921.4 12.1 12,229
=262 -6239.17 3.28 3.422 =222 -5939.9 12.4 12.406
=261 -6235.61 3.56 3.700 =221 -5896.5 12.5 12.581
=260 -6231.77 3.84 3.974 =220 -5883.9 12.6 12.754
=259 -6227.67 4.10 44243 -219 -5871.1 12.8 12.924
-258 -6223.30 4,37 4.508 -218 ~5858.C 13.1 13.093
=257 -6218.66 4.04 4.770 =217 ~5844.9 13.1 13.261
=256 -6213.76 4.90 5.031 =216 -5831.6 13.3 13.427
=255 -6208,60 5.16 54290 -215 -5818.0 13.6 13.589
-254 -6203.19 5.41 5.548 -214 -58C4.3 13.7 13.750
=253 -6197.52 5.67 5.803 -213 =5790.5 13.8 13.909
=252 -6191.60 5.91 6.056 -212 =-5776.6 13.9 14.067
=251 -6185.44 6.17 6.305 -211 ~5762.5 l4.1 14.222
=250 -6179.0Q2 6.42 6.553 =210 -5748.2 14.3 14.376
=249 -6172.35 6.67 €.797 =229 -5733.7 14.5 14.528
=248 -6165.44 6.91 7.039 -208 -5719.1 l14.6 14.677
=247 -6158.28 7.16 7.278 =207 -5704.3 14.8 14.826
-246 -6150.9 T4 7.513 =206 -5689.4 14.9 14.973
=245 -6143,2 1.7 71.746 =205 ~-5674.3 15.1 15.118
=244 -6135.4 7.8 1.976 -204 -5659.2 15.1 15,260
=243 -6127.3 8.1 8.204 -2C3 -5643.9 15.3 15.401
~-242 -6118.9 8.4 8.428 =202 -5628.4 15.5 15.538
~241 -6110.4 8.5 8.650 =201 -5612.7 15.7 15.673
=243 -6101.7 8.7 8.87C =220 -5597.9 15.7 15.806
=239 -6092.7 9.0 3.086 -199 ~-5581.2 15.8 15.938
=238 -6083.5 9.2 9.301 ~-138 ~-5565.2 16.0 16.070
=237 -6074.1 9.4 9.513 -197 -5549.1 16.1 16.202
=236 -6064.4 9.7 9.722 -196 -5532.8 16.3 16.334
=235 -6054.6 9.8 9.929 =175 ~5516.4 16.4 16.467
=234 -6044,6 1040 10.133 -194 -5499.9 16.5 16.600
=233  -6034.4 1d.2 10.335 -193 -5483.3 16.6 16.733

N
i
n




THERMOCOUPLE TABLE FOR COPPER VS CONST., ISA TYPE TP-TN » BASED ON
NAT. BUR. OF STANDARDS PUB. R-188 WITH CALC. MULT. FACTCR OF 1.000.
GENERAL s LOT ANY . USERS REFERENCE TEMPERATURE 0. DEG. C

TEST DATLC SEPTEMBER 1,60 BY POWELL,BUNCH
TEMP EMF DELEMF CE/DT TEMP EMF  DELEMF DE/DT
DEG C MIC V MIC V MIC V/DGC NEG C MIC v MIC V MIC Vv/DGC
-192 -5466.6 16.7 16.866 -152 -4687.1 22.0 22.046
-191 -5449.7 16.9 16.999 -151  -4665.0 22.1 22.172
-190 -5432.6 17.1 17.132 ~150 -4642.8 22.2 22.298
-189 -5415.4 17.2 17.265 -149  ~4620.4 22.4 22.424
-188 -5398.1 17.3 17.398 -148 -4597.9 22.5 22.549
-187 -5380.7 17.4 17.531 -147 -4575.3  22.6 22.674
-186 -5363.1 17.6 17.664 -146 -4552.6 22.7 22.799
-185 -53645.3 17.8 17.797 -145 -4529.8 22.8 22.924
-184 -5327.4 17.9 17.930 -144 -4506.7 23.1 23.049

-183 -5309.4 18.C 18.063 -143  -4483.6 23.1 23.174

-182 -5291.3 18.1 18.196 -142 -4460.4 23,2 23.300

-181 -5273.0 18.3 18.329 -141 -4437.0 23.4 23.426

-180 =-5254.,6 18.4 18.461 -140 -4413.5 23.5 23.552

-179 -5236.1 18.5 18.593 -139 -4389.8 23.7 23.678

-178 -5217.5 18.6 18.725 -138  -4366.1 23.7 23.803

-177 -5198.7 18.8 18.856 -137 -4342.3 23.8 23.929

-176 -5179.8 18.9 18.986 -136 -4318.3 24.0 24,055

-175 -5160.7 19.1 16.117 -135 -4294.,2 24.1 24.181

-174 -5141.5 19.2 19.247 -134  -4270.0 24.2 24.307

-173 -5122.2 19.3 19.376 -133 =4245.6 24.4 24.433

-172 -5102.8 19.4 19.505 -132 -4221.1 24.5 24.559

-171 -s5083.1 19.7 19.634 -131 -4196.5 24.6 24.685

-170 -5063.4 19.7 15.763 -130 -4171.8 24.7 24.812

-169 -5043.6 19.8 19.892 -129  -4146.9 24.9 24.938

-168 =-5023.7 19.9 2C.020 -128 -4121.8 25.1 25.064

-167 -5003.6 20.1 20.148 -127 -4096.7 25.1 25.189

-166 -4983.4 20.2 20.276 -126  =4071.5 25.2 25.312

~-165 =4963.1 20.3 20.403 -125  -4046.1 25.4 25.435

-164 =4942.6 20.5 2C.530 -124 -4020.6 25.5 25.559

-163 -4922.0 20.6 2C.657 -123 -3995.0  25.6 25.681

-162 -4901.3 20.7 20.784 -122 ~3969.2 25.8 25.803

-161 -4880.5 20.8 20.911 -121 -3943.,3  25.9 25.925

-160 =~4859.4 21.1 21.038 -120 -3917.3 26.0 26.046

-159 -4838.3 21.1 21.165 -119  -3891.2 26.1 26.166

-158 =-4817.1 21.2 21.291 -118  -3865.C 2642 26.286

=157 -4795.8 21.3 21.417 -117 -3838.7 26.3 26.406

-156 -4774.3 21.5 21.543 -116  -3812.2 26.5 26.525

-155 -4752.6 21.7 21.669 -115 -3785.6 26.6 26.643

-154 -4730.9 21.7 21.794 -114 -3758.9 26.7 26.761

=153 -4709.1 21.8 21.920 -113 -3732.1 26.8 26.878

A-6



THERMOCOUPLE TABLE FOR COPPER VS CONST.,

NAT. BUR.
GENERAL
TEMP EMF
DEG C MIC V
-112 -3705.2
=111 -3678.1
-110 =-3650.9
=109 -3623.6
~-108 -3596.2
-107 -3568.7
=106 -3541.0
-105 -=3513.3
=104 -3485.5
=103 -3457.5
=102 -3429.4
=101 -3401.2
-100 -3372.8
=99 -3344.4
-98 -3315.9
-97 -3287.2
=96 -3258.4
=95 -3229.5
=94 -3200.4
-93 -3171.3
=92 -3142.1
-91 -3112.8
=90 -3083.4
-89 -3053.7
-88 -3024.0
-87 -2994.2
-86 -2964.3
-85 -2934.3
-84 -2904.2
-83 -2874.C
-82 -2843.7
-81 -2813.2
-80 -2782.6
=79 <~2751.9
=78 -2721.1
=77 -2690.2
=76 =2659.1
=75 -2628.0
=74 -2596.8
=73 -2565.5

» LOT ANY

CF STANDARDS PUB. R-188

WITH CALC.

TEST DATE SEPTEMBER 1,60

DELEMF
MIC v

26.9
27.1
27.2
27.3
274

27.5
27.17
27.7
27.8
28.0

28.1
28.2
28.4
28.4
28.5

28.7
28.8
28.9
29.1
29.1

29.2
29.3
zr)'4
29.7
29.7

29.8
29.9
30.0
30.1
30.2

30.3
30.5
30.6
30.7
30.8

30.9
31.1
3l.1
31.2
31.3

BE/DT

MIC v/DGC

26.995
27.112
27.228
27.344
27.460

27.576
27.€92
27.808
27.924
28.C39

28.154
28.269
28.383
28.497
28.611

28.725
28.839
28.952
29.065
2G6.178

29.291
29.404
29.516
29.628
29.74C

29.852
29.963
30.074
30.185
30.255

30.405
3C.515
30.625
30.736
30.845

3C.954
31.063
31.172
31.281

1.389

T
DE

ISA TYPE TP-TN ’
MULT. FACTCR OF
o USERS REFERENCE TEMPERATURE 0.
BY POWELL,BUNCH

EMP
G C

=72
-71
-70
=69
-68

=67
-66
-65
=64
-63

-62
-61
-60
=59
-58

=57
-56
-55
-54
-53

-52
-51
-50
-49
-48

-47
-46
-45
-44
-43

-42
-41
-40
-39
-38

-37
-36
-35
-34
-33

EMF
MIC V

=2534.1
-2502.6
~2470.9
=2439.1
-2407.2

-2375.2
-2311.0
=2278.6
-2246.2

=-2213.7
-2181.1
-2115.6

-2049.5
-201l6.4
~1983.2
-1649.9

-1883.0
-1849.3
-1815.5
-1781.6
-1747.6

-1713.5
-1679.3
—164500
_161006
~-1576.1

-1541.5
-1506.8
-1472.1
-1437.2
-14C2.1

"‘1367.0
-1331.9
~-1296.6
-1261.2
-1225.7

DELEMF
MIC Vv

31.4
31.5
31.7
31.8
31.9

32.0
32.0
32.2
32.4
32.4

32.5
32.6
32.7
32.8
33.0

33.1
33.1
33.2
33.3
33.4

33.5
33.7
33.8
33.9
34.0

34,1
34.2
34.3
34.4
34.5

34,6
34,7
34.7
34.9
35.1

35.1
35.1
35.3
35.4
35.5

BASED ON
1.000.
DEG. C

DE/DT
MIC Vv/DGC

31.497
31.605
31.713
31.821
31.928

32.035
32.142
32.249
32.355
32.461

32.567
32.673
32.779
32.884
32.989

33.094
33.199
33.303
33.407
33.511

33.615
33.718
33.821
33.924
34.028

34.130
34,232
34,334
34.436
34.538

34.639
34.740
34.841
34.942
35.C43

35.143
35.243
35.343
35.443
35.543



THERMOCOUPLE TABLE FOR COPPER VS CONST., ISA TYPE TP-TN » BASED ON
NAT. BUR. OF STANDARDS PUB. R-188 WITH CALC. MULT. FACTCR OF 1.006.
GENERAL » LOT ANY « USERS REFERENCE TEMPERATURE 0. DEG. C

TEST DATE SEPTEMBCR 1,60 BY POWELL,BUNCH

TEMP EMF DELEMF CE/DT TEMP EMF DELEMF DE/DT
DEG C MIC Vv MIC V MIC V/DGC 0EG C MIC VvV MIC V MIC Vv/DGC
-32 -1190.1 35.6 35.642 8 312.5 39.4 39,426
-31 ~-1154.4 35.7 35.741 9 352.0 39.5 39,517
-30 -1118.6 35.8 35.840 10 391.5 39.5 39,606
-29 -1082.7 35.9 35.938 11 431.2 39.7 39.695
-28 -1046.7 36.0 36.036 12 470.9 39.7 39,784
-27 -1010.7 36.0 36.134 13 510.7 39.8 39.873
=26 -974.,5 36.2 36.232 14 550.6 39,9 39.962
=25 -938.1 36.4 36.330 15 59C.6 40.0 40.051
-24 -901.7 36.4 36.428 16 630.7 40.1 40.140
=23 -865.2 3645 36.525 17 670.9 40.2 40.228
=22 -828.6 36.6 36.622 18 711.2 40.3 40.316
=21 -791.9 36.7 36.718 19 751.6 40.4 40,404
=20 =-755.1 36.8 36.814 20 792.0 40.4 40.492
-19 -718.3 36.8 36,910 21 832.5 40.5 40.579
-18 -681l.4 36.9 37.006 22 873.1 40.6 40.666
-17 ~644.3 37.1 37.1C2 23 313.8 40.7 40.753
-16 -607.2 37.1 37.198 24 954.6 40.8 40,840
-15 ~-570.0C 37.2 37.294 25 395.6 41.0 490.926
-14 -532.7 37.3 37.389 26 1036.6 41.0 41,012
-13 -495.3 37.4 37.484
-12 -457.8 37.5 37.579
-11 -420.1 37.7 37.673
-10 -382.4 37.7 31,767
-9 -344,6 37.8 37.861
-8 -306.7 37.9 37.955
-7 -268.7 38.C 38.049
-6 -230.6 38.1 38.143
-5 -192.4 38.2 38.236
-4 -154.0 38.4 38.329
-2 =T7.1 38.5 38.514
-1 -38.6 38.5 38.6C6
-0 0.0 38.5 38.698

1 38.7 38.7 38.790
2 17.5 3g8.8 38.882
3 116.4 38.9 38.673
4 155.5 39.1 39.064
5 134.6 39.1 39,155
6 233.8 39,2 3G9.246
7 273.1 39.3 36.3317




THERMOCOUPLE TaABLE FOR COPPER VS AUCO o ISA TYPE UNDESIG.« BASED Own

NAT. BUR, OF STANDARDS PUB, R-188

GENERAL

TEMP
DEG K
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TEST DATE SEFPTEMBER 1460

s+ LOT ANy
EMF DELFMF
MIC VvV MIC vV
053 0,53
206 1,56
4e66 2.57
8e22 3.56
1i2e74 4.52
1820 S.40
2457 6,37
31.83 T7.26
39.96 8,13
48493 8,97
5872 9.79
69.30 10,58
B80s65 11,35
9275 12,10
105.6 12,8
119.1 13.5
133.2 16.1
163.5 15.5
179.6 16,1
196.4 16,8
2137 17.3
231.6 17.9
2501 18,9
26G,2 19,1
288.8 19,6
308.9 20,1
329.6 20,7
3508 21,2
372.5 21.7
394.7 22.2
417.3 22,6
44044 23.1
464410 23,6
488.0 24.0
5124 24,4
537.3 24,9
56246 25,3
5882 25.6
6l4.2 26,0

o« USERS REFERENCE TEMPERATURE
BY POWELL,BUNCH

DE/DT

MIC Vv/DGK

14047
2,070
3,069
4044
44994

5.920
6.R22
T.700
8,554
9.383

10.188
10.969
11.726
12,458
13,165

13.848
14,513
15,165
15,803
16,427

17,038
174635
18,219
18,791
19.349

19.893
20,4264
2N.941
214,446
21,938

224417
22,884
234340
23.78%

24,218

24,640
25,052
25,454
25.846
26.228

Nl

WITH CALC. MULT. FACTOR OF 1.00000.

TEMP
DEG K

41
42
43
44
45

46
47
48
49
50

51
52
53
S4
55

56
57
58
59
60

61
62
63
04
65

66
67

68
69
70

71
> 12
73
74
75

76
17
78
19
80

EMF
MIC V

6406
667.4
694,6
722.1
74949

778.1
B06,.6
835.4
864,5
893,9

92346
953.6
983,.9
101444
1045,2

1076.2
11075
1139.1
1170.9
1202.9

1235.1
1267.5
1300.2
1333.1
1366,2

1399.5
1433,.0
146647
150045
1534,5

1568.7
1603.1
1637.6
1672.3
1707.1

1742.1
1777.2
1812.5
1847.9
18813,5

DELEMF
MIC v

26,4
26,8
27.2
27,5
27.8

28,2
28,5
28,8
29,1
29,4

29.7
30.0
30.3
30.5
30,8

31.0
31.3
31.6
31.8
32.0

32,2
3244
32.7
32.9
33.)

33.3
33,5
33,7
34,0

34,2
34,4
34,5
36,7
34,8

35.0
35.1
35,3
35.4
35,6

0,000 DEG. K

DE/DT
MIC v/DGK

264600
264,963
274317
2T7.662
27.998

28,326
2R,.,646
28,958
29,262
29.558

29.846
30.127
30.402
30.669
30,922

31.183
31.430
31.671
31.904
32,134

32.35A
32.57’
32.784
32.989
33.189

33.384
33.574
33,759
33.938
34,117

34.280
34,447
34,599
34,753
34.908

35.056
35,705
35.352
35,497
35.641



THERMOCOUPLE TABLE FOR COPPER VS AUCO o+ ISA TYPE UNDESIG.y ®ASED ON
WITH cALC., MULT., FACTOR OF 1.00000.

NAT. BUR.
GENERAL

TEMP
DEG K

8l
82
83
84
8%

86
87
88
89
90

91
92
93
94
95

96
97
98
99
100

101
‘102
103
104
105

106
107
108
109
110

111
lie2
113
114
115

116
117
118
119
120

OF STANDARDS PUB, R=188

EMF
MIC V

1919.2
1955.0
1991.0
20272
206345

2099.9
21364
21731
2209.9
2246.8

2283.9
2321.1
2358.4
2395.8
2433.3

2470.9
2508.6
2546.5
2584.5
262246

2660.7
269849
2737.3
2775.8
2814,.,4

2853.0
2891.7
293046
2969.5
3008.5

3047.6
3086.8
3126.0
3165.3
320447

324442
3283.7
3323.3
3363.0
3402.8

o LOT

TEST NATE SEPTEMRER 1460

ANY

DELEMF

MIC V

35,7
35.8
36,0
36,2
3o.3

36,4
36,5
36,7
36,8
36,9

37.1
37.2
37,3
37,4
37.5

37,6
37,7
37,9
33,0
38.1

38,1
34,2
38,4
38,5
38,6

34,6
38.7
38.9
38,9
39.0

39.1
39.2
39.2
39,3
39,4

39.5
39,5
39,6
39.7
39,8

o USERS REFERENCE TEMPERATURE
BY POWELLBUNCH

DE/DT
MIC V/DGK

35.785
35,929
36,071
36,211
36,348

36.483
36,615
36.744
36,871
36,995

37.117
37,236
37,353
37.468
37.581

37.692
37.801
37.907
38,011
38.113

38,213
38,312
38,409
38.504
38,597

38,688
3R.778
38,866
38,953
39,038

39.121
39.202
39,282
39,361
39,439

39.515
39,589
39,662
39,734
39,804

A-10

TEMP
DEG K

121
122
123
124
125

126
127
128
129
130

131
132
133
134
135

136
137
138
139
140

141
142
143
144
145

146
147
148
149
150

151
152
153
154
155
156
157
158
159
160

EMF
MIC V

3442.6
3482.5
3522.5
3562,5
3602.6

3642.8
3683,0
3723.3
3763.7
38041

3844.6
3885.1
3925.7
3966.3
4007.0

40477
4088,5
4129.4
41703
4211.2

4252.2
4293.2
4334,3
4375.5
441647

4457.9
44991
454044
458] .8
4623.2

4664 ,6
470601
47476
4789.1
483047

487243
4914.0
495547
4997.4
5039.1

DELEMF
MIC Vv

39,8
39.9
40.0
40,0
40.1

40.2
40,2
40.3
‘00.‘
40.4

4045
40.5
40.6
40,6
40.7

40,7
40,8
4049
40.9
4049

41,0
41.0
41.1
41.2
41.2

41,2
4)e2
41.3
414
4144

4145
41,5
41.5
41.6

41.6
41.7
417
41,7
41.7

0,000 DEG. K

DE/DT
MIC V/DGK

39,873
39,941
40,008
40,0713
40.137

404200
40,262
40,327
40,381
40,440

40,498
40,554
40.A09
40,664
40.718

40,770
40,821
40,4871
40,920
44969

41.017
41.064
41,110
41.155
41,199

41.247
4] .285%
41327
414368
414408

41.448
41.487
41,525
41,567
41.599

41,635
41,670
41,708
41,730
41,772




THERMOCOUPLE TABLE FOR COPPER VS AUCO 4 ISA TYPE UNDESIG.y BASED ON

NAT. BUR., OF STANDARDS PUB. R=-1828

GENERAL

TEMP
DEG K

161
162
163
164
165

166
167
168
169
170

171
172
173
174
175

176
177
178
179
180

181
182
183
184
185

186
187
188
189
190

191
192
193
194
19%

196
1897
198
199
200

EMF
MIC Vv

508049
51227
516446
520645
524844

52903
5332.3
5374.3
541643
545844

550045
5542.6
5584.7
5626.9
5669.1

571143
57535
5795.8
583R.1
588044

5922.7
596540
6007.4
60498
609242

613446
6177.1
621946
626241
630446

63471
6389.6
64322
647448
6517.4

656040
660246
6645.2
6687.9
673046

« LOT ANY
TEST DATE SEPTEMRER 1¢60
DELFMF DE/DT
MIC v MIC V/DGK
41,8 41.8085
41.8 41.837
41,9 4} .868
41,9 414899
41.9 41,929
41.9 41,959
42,0 41,988
42,0 42.016
42,0 424,044
42,1 42,072
42,1 42,099
42,1 42,125
42,1 42,151
42,2 42,176
42,2 42,201
42,2 42,225
42.2 424,249
42,3 42.272
42.3 42,295
42,3 42,317
42,3 42.339
42,3 42,360
42,4 42,381
42,4 42,402
42,4 42,422
42.4 42.44)
42,5 42,460
42.5 472,479
42,5 42,497
42,5 424.515
42,5 42.533
42,5 424550
4246 42.567
42.6 424583
42,6 42,599
42,6 42.618%
42,6 42,630
42,6 42,645
42.7 424,660
42,7 42,674

o USERS REFERENCE TEMPERATURE
BY POWELLyBUNCH

WITH CALC. MULT. FACTOR OF 1.00000.

TEMP
DEG K

201
202
203
204
205

206
207
208
209
210

2ll
212
213
214
215

216
217
218
219
220

221
222
223
224
225

226
227
228
229
230
231
232
233

234
235

236
237
238
239
240

EMF
MIC Vv

67733
681640
6858,7
690144
6944,

6986.8
7029.6
707244
7115.2
7158.0

7200.8
724346
728644
7329.2
737240

T7414.9
7457.8
750047
7543,5
758644

7629.3
7672.2
7715.1
775840
7801.,0

7843,.,9
7886.8
7929.7
7972.6
8015.6

8058.6
8101.6
514446
8187.6
823045

8273.5
831645
8359.5
8402.5
8445.5

DELEMF
MIC v

42.7
42.7
4267
4247
4247

42,7
42.8
42,8
42.8
42.8

42.8
42,8
42.8
42,8
42.8

42,9
4249
42,9
42.8
42.9

42.9
42.9
42.9
4249
43.0

42.9
42.9
42,9
42.9
43.0

43.0
43,0
43,0
43,0
42.9

43,0
43,0
43,0
43,0
43.0

0.000 DEG. K

NE/OT
MIC V/DGK

42,688
42,701
424714
42727
42.740

42752
42.764
42,775
4724786
42.797

42.808
42,818
42.828
42,838
42.848

42,857
424866
424875
42,883
42,891

42,899
42.904
42.913
42.920
42,927

42,934
42.940
42,946
42,952
42,958

42963
42,968
42.973
42.978
42.983

42,987
42,991
42.995
424999
43,002



THERMOCOUPLE TaABLE FOR COPPER VS AUCO

NAT,., BUR.

GENERAL
TEMP EMF

DEG K MIC Vv
241 8488.5
242 8531.5
243 8574.5
244 8617.5
245 866045
246 8703.6
247 8746.6
248 8789.6
249 8832.6
250 887546
2sl 891847
252 8961.7
253 900447
254 9047 .8
255 9090,.,8
256 9133.8
257 917649
258 9219.9
259 926249
260 93059
261 934940
262 939240
263 9435.0
264 947841
265 9521.1
266 956441
267 9607 .2
268 965042
269 9693.2
270 973642
271 9779.2
272 98223
273 98653
274 9983
275 9951.3
e2r6 999443
277 10037.3
278 1008043
279 10123.3
280 101663

s LOT ANY
TEST DATE SEPTEMRER 1460
DELEMF DE/DT
MIC V MIC V/DGK
43,0 43.005
43,0 43,008
43,0 43,011
43,0 43,014
43,0 43.016
43,1 43,018
43,0 43.020
43,0 43,022
43,0 43,024
43.0 43,026
43,1 43,027
43,0 43,078
43,0 43,029
43,1 43.030
43.0 43,031
43,0 43,031
43,1 43,031
43,0 43.031
43,0 43,031
43,0 43,031
43,1 43,031
43,0 43,031
43,0 43,030
43,1 43,029
43,0 43,028
43,0 43,027
43,1 43,026
43,0 43.025
43,0 43,024
43,0 - 43,022
43,9 43,020
43,1 43.,n18
43,0 43,016
43.0 43,014
43,90 43,012
43,0 43.010
43,0 43,007
43,0 43.004
43,0 43,001
43,0 42,998

» USERS REFERENCE TEMPERATURE

o ISA TYRPE UNDESIG.s BASED ON
MULT. FACTOR OF 1.00000.

OF STANDARDS PUB, R=188 WIIH CALC,

BY POWELL+BUNCH

TEMP

DEG K

281
282
283
284
28%

286
287
2H8
249
290

291
292
293
294
295

296
297
298
299
300

EMF
MIC V

10209.3
10252.3
10295,3
10338.3
10381.3

1042443
10467.2
10510.2
10553.2
10596.1

10639.1
10682,.1
10725.1
10768.0
10810.9

10853.8
10896.8
10939.7
10982.6
11025.5

DELEMF
MIC V

43,0
43,0
43,0
43.0
43,0

43,0
42,9
43.0
43,0
42.9

43,0
43.0
43.0
42.9
42.9

4249
43,0
42.9
42.9
42.9

0,000 DEGs K

DE/DT
MIC V/DGK

424995
42,997
424989
42,984
42.982

42,978
4?2.974
42.970
42,966
42.962

42.958
42.953
42.949
42.945
424940

424935
42,930
42,925
42.920
42,915



THERMOCOUPLE TARLE FOR COPPER Vs &UCO
wlTH CALC,
o USERS REFFRFNCE TFMPERATURE
TEST NATE SFPTEMRFR 1467

NAT. BUR, OF STANDARDS PUR,
GENERAL « LDOT  &aNY
TEMP EMF DELFMF

DEG C MIr v MIC V
=272 =9871.7% 0,7
w271 =9R69.34 1.71
=270 =9B66K.A7 2.7¢
=269 =9R6P.2) 3.7:
=268 =98YBKH,>5 4 .65
=267 =9857,45 5,61
=266 =9B46/.15 6,90
=265 =Q834,75 T.40
264 =9830.50 8.2%
=263 =982 .40 4,10
262 =981]1.49 9.9
=2A1 =9800.80 19,69
260 =97R9.,33 11.47
=259 =9777.11 12.27
=258 =9764,7 12.9
=257 =975¢.5 13,6
«256 =9736.4 1.2
=255 «9721.5 14,9
=284 -970%.9 15.6
=253 =9489.7 16,2
=252 «9677.R 16,9
=251 =965%.4 17,4
=250 =«9637.4 18.0
=249 ~9618," 18,6
-248 —QS‘)Q.h l\..‘.
=247 <9580, 19,6
=246 =9584,.,n 2.2
=245 «9539,) 20.8
=244 -95]17,7 21.3
=243 «9495,9 21.R
242 «9473.,7 2e2.?2
=241 <=9451.0 22.7
240 =9427,.9 23.2
=239 «9404,2 23.6
=-238 =03R01 24,1
-237 -9355.5 24,5
=236 =9330,7 24,9
=23% «93()5,3 5.6
=234 =G279,7 2H .6
=233 =9253.6 26.)

R=1R&

NE/DT

MIC V/DGR

1.207
2.221

3.217
4.1RR

54134

6.057
6955
7 .830
H.hH0
9.50%

10.307
11.084
11.837
12,506
13.269

13,940
14,617
15.262
15,897
16.520

174128
17,7232
18,306
18,476
100431

19.974
20,502
21.018
21,521
22.011

22.4R8
22953
23.40R
23.35]
244.?2R?

24,702
2%.1)13
25,5117
25,904
264284

e

w

TEMP
DFG C

-232
=731
-230
-229
-228

-227
-226
-225
-224
-223

=222
=-27)
-220
-219
-218

-217
-216
-215
-2)4
-213

-212
-211
=219
-2u9
-20H

-207
-20¢&
235
~204
=203

~202
«201
=200
-139
-198

-197
-196
-19¢%
-194

. ISA TYPE UNDESIG.. BASED ON

MUL.T, FACTOR OF 1,00000,
0.000 DEG,., C

RY POWELL AUNCH
EMF LELEMF NE/DT
MIC V MIC v MIC V/DNGC

'022702 26.4 26065§
'020003 2609 270”17
-01723,0 27.3 27.360
=9145,5 27,5 27,717
«9117.6 27.9 28 .04R
-9089.6 2“.? 28.37;
=0060.8 28,6 2R A9
-903?00 28.8 290004
-900?09 29.1 29.107
-8973.4 29,5 29,607
-8943,7 29,7 29 ,R8B9
-8913.6 3n.1 30.160
-888303 3003 300442
-a852,7  30.6 30.708
'RQZIQQ 360% 3no°6R
-87qﬂoq 31.0 3]0220
-875°q5 3104 31.467
“RT727.9 31.6 31.707
.-869601 3108 3].941
=2664,0 32,1 32.168
'g63108 32.2 3?0?80
-RSQQ.a 32.“ 3?.60;
-8566,6 32.8 32.81%
‘853307 32-9 33.010
-8500.6 33.1 33021°
~R4h7,.2 33.4 33,413
-R433,7 33.5 33.A0?
=Ra40G0e0 33.7 33.786
=~R366,7 33.8 33,964
=-"3337.1 3441 34,138
“B297,.,9 34,7 34,305
=R2613.5 34,4 344466
'822900 34.% 34.62?
-81GQ4,2 34,8 346,774
-R152,.4 34,8 34,928
=R124.4 35,0 35.07R
‘8089.3 3501 35.227
-805400 35.3 350?74
-q01ﬂ.5 35.5 350519
'798?09 35-6 35.661

-193



THERMOCOUPLF TaRLE FOR COPPER VS aUCO

NAY. BUR.
GENERAL
TEMP EMF
DEG C MIC Vv
«192 =7947.2
‘w191 «T791]1+4
=190 =7875.3
=189 =T7839.]
-188 -780?.8
‘187 -7766.4
-1R6 =7729.9
=185 =7693,.1
=184 =765643
=183 ~7619.4
=1R2 =T7587.3
=181 =7545.1
-laU -7507.7
w179 =7470,.,3
=178 =T7432.8
=177 =7398.2
=176 =7357.5
«175 =7319.6
w174 «T7281.5
«l73 =7243.4
=172 =720%.3
-171 ‘7167.1
=170 =T712R.7
=169 =7090.2
=16R =7051.6
-167 '7013u0
=166 =6974.?
w185 «=6935,3
-164 -6R96 44
-163 -6“5704
162 =681HK,3
161 =6779.)
“160 =6739,9
=159 =6700.5
-16R -6661 41
=187 =662).6
=186 =6582.}
-155 -654205
=154 «6507.R3
=153 -6463.0

o« LOT

aNyY

DELFMF

MIC v
35.7

.8
36,1
36,2
36.3

¢ USERS REFERFNCFE TEMPERATURF
TEST NATE SFPTEMBER }+60

NE/DT
MIC v/DGe

35,807
35,950
36.09?
36,237
36.3hR

36.503
36,534
36,763
36.89¢0
37.013

37.135
37.254
37.37n
37,.48%
37 ,59R

37.709
37.R17
37,923
32.026
38,178

3R,.?28
3R.327
34.423
38,518
3R,.611

3R,Tn2
3 TN
38,879
38,966
30,095}

39,133
39,714
39,794
39,3713
39,45

39,5726
39,600
39,A73
39,745
39,814

o ISA TYPE UNDESIG,,
OF STaNDaRNE PUB, R=1RR WITH rALC,.

BASED Ow

MULLTs FACTOR OF 1.00000¢

BY POWELL +RUNCH

TEMP
DFEG €

-152
-151
=150
=149
-148

-l4?
-146
-145
=144
-143

=142
=141
=140
=139
-138

~137
-13%
-135
-1 3‘6
-133

-132
-13)
=130
-129
-128

-127
-176
-12%
-124
=123

-122
121
=120
-119
-118

=117
-116
<115
-114
-113

EMF
MIC Vv

-6423,2
'638303
‘634303
=6303,2
‘6263.1

'622209
-613?07
=-6142¢%
-6102.0
606146

-602101
-598n,.,6
'894000
-5899,3
'5“5907

=5817.9
-6777.]
‘q716.2
-569; «3
-96‘5& .4

~5613.4
-5572.4
=5531.3
-549”.1
~544R,9

-5407.7
=5366.5
-532%,1
'g25307
‘524?.3

‘520009
'515Q04
511749
-u0TA 4
~5034.H4

-499302
-495‘ 5
-4909,.8
-4368.1
-482AH,4

DELEMF
MIC V

39.8
3%9.9
40.0
40,1
4041

40.2
40,7

40.3
4n.6
40,6

4 e85
40,5
40,46
4n.7
40,6

40,8
40,8
40,9
40,9
40,9

41,0
4140
41.1
41,2
41.2

41.2
41.2
4),4
4146
41.4

“laet
1.5
41.5
41.5
4146

41 .6
41.7
41,7
417
“1,7

0,000 NEGs C

NE/DT
MIC v/NGC

39.R83
39,.,9%5)
4N,01R
40,082
40.147

40,7200
40.7T
404331
404290
40,449

40,506
4n,562
4n,AYT
40,72
4n.726

I TRAL
40N ,.R29
40 RTR
40,927
40,976

41,024
4).07Y
41.117
41.167
41,720

41,749
41.291
41,333
4) 374
41,616

41,654
414693
4153}
41,567
414604

410640
41678

41,710
4) o744

41,777




THERMOCOUPLE TArLE FOR COPPER VS AURO
NAT. BUR, OF STANDARNS PUB, R=1RR8

GENERAL

TEMP
DEG C

-112
=111
=110
«-109
=108

-107
=106
-105
-104
-103

=102
=101
=100
-39
-G8

-97
-96
=95
=04
-93

=92
=90
-89
=88

=87
-86
-85
-84
-83

=-82
-81
-80
-79
=78

-77
=76
-75
-74
-73

EMF
MIic v

‘4754.6
-4742.8
‘473009
-4659,0
-4617-]

=4575,1
=45334)
-449102
44494
~440740

-4364-°
=43228
-4280,7
-423‘* 05
41963

“415441
41119
=-4n69.6
40273
-3985.0

-394?07
=3900.4
=«385R,.n
=3815.6
=3773.2

=3730.8
=-3688.1
=3645,8
‘36030?
‘35600H

=3518.3
'3415.3
'34330?
‘33900ﬁ
=3348,0

«3305.4
=3262.R
'322001
=3177e4
-3134.7

« LOT ANy
TEST fATE SFPTEMRFR le60
DELFMF NE/DT
MIC v MIC V/NGn
41,A8 41.H19
+1,8 41 R4
41,9 41.873
41.9 4] ,904
41,9 41.934
42,0 41,9617
42,0 414997
41.9 42.0720
42,1 42.048
42,1 42,07A
42.1 42.103
42.1 424179
4z, 1 42,155
42,2 472,.18n
42,7 42.205
2.2 4742729
47,2 42 257
47,3 424276
42.13 42.729R
42,3 42,3270
42,3 42,342
42,3 42,361
4z,4 42,384
4?2 .4 42,40%
42,4 42.425
4?2 .4 42,444
42,5 42,467
42.5 42,482
42,5 42.500
42.5 42,518
42.5 42.536
42,5 42.5513
42 . A 42,569
42 .6 42,585
42.6 42,601
42.6 42.h17
2.6 42,637
42,7 42 647
42 .7 42 .662
42.7 42.6T76

o« ISA TYPE UNDESTGa.s

WITH rALC,

TEMP
NFG €

-72
=71
=70
-69
-68

-H7
=66
=09
-64
=63

-62
-61
-84
-56
-55

-57
=56
-355
b4
=53

-52
-5}
=50
-49

=48

-47
-4h
-45
YA

-43

-l
-4
-GN
-36
- 34

-37
-3h
=-35
-4
-33

RASFD ON

MULT., FACTOR OF 1.00000,
o USERS HEFERFNCE TFMPERATURE 0.0
BY POWELL «RUNCH

EMF
MIC V

‘309200
=3049,.3
=300646
-296309
-2921.3

-?878,5
-883%07
‘279209
-27590.1
=2707.3

-?66505
-2621.7
«-2578,9
'2q3601
=2493,3

=245 .4
=2407.5
=2364.6
'2321.“
=2278.9

~2236.9
~2193,1
-2150,2
-2107.3
~2064,3

=2321.4
~1935.6
-1892,7
-1849,7

‘1806.7
-1763o7
‘172007
-1677.7
'163408

-1591.8
-154R.8
'150508
~1462.8
~1619.8

NFELEMF
MIC Vv

42,7
42,7
42,7
42,7
42.6

42,8
47 .R
42 .M
42.8
42.8

42.8
42 4R
42,8
42,8
4748

42.9
4249
42,9
42.R
42.9

4?.9
42,9
42.9
472.9
43.0

42.9
42.9
42.9
42.9
43.0

43.0
43.0
43,0
43.0
42.9

43.0
43,0
43,0
43.0
43.0

00 NEG. C

DE/DT
MIC v/Nn6Gn

42,690
42,703
42716
42.729
42,742

42,754
472.766
42.777
42.78R
424799

42.R10
42.R20
42,830
42 R40N
42 .84Q

42 4R58
42,867
428TH
42 .884
424,892

424,900
42,907
42.914
47,921
42,928

4724935
47,941
. 424947
47 .953
42.959

42.964
424,969
42.974
42,979
42,984

472,988
47,997
42,994
47,999
43,007



THERMOCOUPLE TeRLE FOR COPPER VS aAUCO
OF STANDARNS PUB, P=1RR

NATe« BUR.
GENERAL

TEMP EMF
DEG C MIC VvV
=32 -137608
=31 =1333.8
-30 ‘12QO'R
“29 =1247.5
-28  =1204.%
'27 ‘116107
=26 =111R.7
=25 =107S5.7
24 =1032.7
-23 =-9H9.7
-22 =946 45
-21 =903.6
=20 =860,6
=19 =817.5
-18 =T774.5
-17 ~73145%
-16 -688,4
=15 =64544
-14 -602.4
=13 =559.4
‘12 -816.3
'11 -47303
=10 4303
-9 ‘3870?
-8 =34442
-7 '301:?
-6 =258,
-5 =215.1
-4 -172.1
-3 -129.1
_2 -86.‘
=1 =437
n Qo0
1 “3.”
2 BAaen
3 129.0
4 1720
) 215.0
6 2hHn
7 3C1en

o« LOT ANY
TEST NDATE SFPTEMRER 1460
DELFMF DE/NT
MIC V MIC V/DGe
43,0 43,005
43,0 43,008
43,90 43,012
43,0 43,014
43,0 43,016
43,1 43,018
43,0 43.N020
43,0 43,0272
43,0 43,024
43,0 43,026
43.) 43,027
a3, n 43.n28
43,0 43,079
43,1 43,030
43,0 4.0
43,0 43,030
43,1 43,031
43,0 43.031
43,0 43,03)
43,0 43,031
43,) 43,031
a3,0 43,021
43,0 43,030
43,1 43.079
43.0 43.02R
43.0 43.027
43,1 43.026
“3,0 43,025
43,0 43,024
43.0 43,022
43,0 43,020
43,1 43.n1A
4d,.9 43,016
“3." “3"}1“
43,0 43.017
43,0 43.010
43,0 43,007
43,90 43,004
43,0 43,001
43,0 42,998

A-16

e« ISAa TYPE UNDESIG,e BASED ON
MUILT. FACTNR (OF 1.00000,

WIiT< cALC.
o« USERS REFFRENCE TEMPERATUREF

BY POWELL«RUNCH

TEMP
PEG C

]
9
10
11
1?

13
1o
15
16
17

18
19
20
2]
27

23
24
25
26

EMF
MIC V

344.0
387.0
430,.0
473.0
51640

559.0
601.9
644.9
6R7,9
T30.8

773.8
R16eH
B89 ,4
9027
945 ,6

9R8,5
1031.%
1074 .4
1117.3

NELEMF
MIC V

43.0
43,0
43,0
43,0
43,0

43,0
42.9
43,0
43,0
42.9

43.0
43.0
43,0
42,9
42,9

42,9
43,0
42.9

0.000 DEG. C

DE/DT
MIC V/DGC

424995
42,992
42,989
42,988
42,981

42,977
4249772
42.96Q
42 ,96%
42496)

42,957
474,957
47 ,94R
424944
47,939

424934
4?2 ,929
42,924
42,919




THERMOCQUPLE TABLE FOP cu VS N.AG 9 ISA TYPE UNDESIGas BASED ON
NAT, BUR. OF STANUARDS Puit, UNPUHe WITH CALCe MULT. FACTOR OF 1,00000.
GENERAL o LOT anY o USFRS KEFERENCE TEMPERATURE 04000 DEGe K

TEST waTE SEPTEMBEK 1460 BY POWELL 9yBUNCH

TEMP FMF DELEMF DE/LT TEMP F MF DELEMF DE/OT
DEG K MIC V MIC V MIC VZi)GK DEG K MIC V MIC V MIC V/DGK

1 0e0 Va0 0.000 41 8,0 O.-, 0.720
2 Vea00 U,00 0,000 42 8.7 0.7 0,740
3 0.00 000 0000 43 Fe& Va7 0,760
4 Ue00 Ja 0D 0000 44 10.2 0.8 0.780
5 UeUO (e00O Ue000 45 11.0 0.8 0.800
6 0.00 0«00 0.000 46 11.8 0.8 0.820
7 0.00 0.00 04000 47 12.6 0.8 0.830
8 0.00 Ge0O 0000 48 13.4 0.8 0.840
9 0«00 U000 0000 49 14.3 0.9 0.850
10 001 0e0) 0.000 50 15.2 0.9 0,860
11 V.02 Ua01 04000 51 l16.1 0.9 0.870
12 003 Ue01 0000 52 16,9 0.8 0.880
13 0,06 0,01 0,000 53 17,8 0,9 0,880
14 Ue05 Ue01 C.000 54 18,7 0.9 0,880
15 0«06 0+01 0e010 55 19.6 0.9 0.880
16 0408 0a0?2 0s020 56 2045 049 0.880
17 010 Vel? 0030 57 213 0.8 04880
18 0«13 Ve03 Ne040 54 272 09 0.880
19 Q.16 Je073 0e 050 59 23.1 0.9 0.880
20 0e20 Uedd 0e0AQ 60 240 0«9 0.880
21 0.27 U-“? 0.{),0 bl 2“.9 0.9 00860
22 Ve37 Veld 04090 62 25.7 0.8 0,880
23 0.50 Uel3 Vell0 63 26.6 0.9 0.880
24 066 DelhA (l«130 64 275 0.9 0.880
25 0«85 Uel9 Uel60 65 28.4 0.9 0.880
26 1.07 3.22 D.200 66 29,3 0,9 0,880
27 1.32 Ue?25 )e240 67 30.1 0.8 0.880
28 1,60 U,28 1.280 68 31.0 0,9 0.890
29 1.91 Ua31 a320 69 31.9 0.9 0.890
30 2?75 Ueldé 0360 70 32.8 0.9 0,890
31 246 Vel )at00 71 33.7 049 0.890
32 3.0 Vet 04640 72 34,5 U,8 0.890
33 3,4 Vot 04480 73 35,4 0,9 0,890
34 3.9 0,5 0ed10D 74 36,3 0,9 0,890
35 4,64 0,% 0,540 75 37,2 0,9 0.890
36 4,9 Ne5 0570 76 38,0 0.8 0.890
37 5.5 Veb 0.600 17 3K,9 0,9 0.899
38 6.l 0.6 0e630 74 39.7 0,8 0.890
39 bo7 Uabh 0e660 79 4().6 0.9 0.880
40 7.3 Vebh OQH 0.8,0

0690 80 4]1.4




TRERMOCOQUPLE TABLE FOR cu VS NLJAG ¢ ISA TYPF UNDESIG.s B8ASED ON
NAT. BUR, OF STANDAKHIIS Pur. UNPUBs WITH CALCe. MULT. FACTOR OF 1,00000.
GENERAL o LOT aNY o+ USERS REFERENCE TEMPERATURE 0,000 DEG. K

TEST DATE SEHTEMHER 1+60 BY POWELL «BUNCH

TEMP EMF DELEMF DE/DT TEMP £ MF DELEMF DE/DT
DEG K MIC vV MIC V nIC V/)GK OEG K MIC V. MIC V MIC V/DGK
81 42,2 eH 0 R6N 121 71.9 0,7 0.670
82 43,1 QoY Ue850 122 7245 0.6 0,670
83 43.9 et 0.840 123 732 Vel 0,670
84 44.8 (e9 0e8B30 124 73.8 Db 0,670
85 4946 003 DeR20 ld5 7145 0e7 00670
86 4646 UeH 0eB10 126 79,1 Veb 0.670
87 41,2 V.8 0.8B00 127 719.8 0.7 0,670
88 4R () (VY. 0790 128 T16.64 0.6 0.670
89 4He8 Vel 0780 129 T77.1 0.7 0,670
90 49,6 0.8 D770 130 T1.7 0.6 04670
91 S50.4 a8 06760 131 TB4 0.7 0,670
92 b1l.2 UaH 0750 132 79.0 De6 0,670
93 52,0 0.8 V4740 133 79.6 0,6 0,670
94 5247 Va7 U730 134 HU,.3 0,7 0,660
95 53.5 1Py Ne720 13% 13049 Dab 0.650
96 4.2 0.7 04710 136 8le6 07 0,640
98 9547 Uo7 Veh90 138 82.8 046 04620
99 96.9 0.8 0.h80 139 B83.5 0.7 0,620
100 572 Va7 0.670 140 Ha ol 0,6 0.620
101 57,9 (P4 Ne&TO 141 BaoT 0.6 0.620
102 SB.6 el 0e&T70 142 #5.3 Ueb 0e620
103 59.4 0eH De670 143 H6eV 0,7 0,620
104 6V 07 0ehT0 144 86.6 0.6 04620
108 A8 UeT NDehTO 145 BH7.2 0.6 0620
106 6l.5 Va7 VDebT70 146 87.8 0.6 0,620
107 6242 Ue? 0eb790 147 RHeb 0e6 04620
108 629 Jo7 0670 148 89.1 0e7 0,620
109 h3ebh Ve7 0e670 149 H9.7 Deb 0.620
110 64,3 Oe7 0.670 150 YN .3 0.6 0.620
111 65,0 Ual 0670 1o1 9N.9 O0eb 0.620
112 69.7 Uo7 0.6170 1%2 91.5 0.6 0,620
113 6644 0a7 0eb10 193 92.2 0.7 0.620
114 Gl Gal Ve670 194 92 .8 0eb 0,620
115 67.8 Vel 0e670 1% 93.4 O0e6 0,620
116 6H«S Vel )abT0 156 94,0 0eb 00620
117 69.7 Ve 0e67H 157 94.6 0e6 0,620
118 h9.8 Ueb Ueb170 158 99,3 0,7 0,620
119 70.5 0.7 0610 159 95,9 0.6 0.620
120 712 Ve? Ve670 160 4645 0.6 0.620

A-18




THERMOCOUPRPLE TABLE FOR
NAT. BURe OF STANDARDS PUB. UNPUBe WITH CALCe MULT. FACTOR OF 1.00000,
« USERS REFERENCE TEMPERATURE 0,0
BY POWELL9sRUNCH

GENERAL

TEMP
DEG K

161
162
163
164
165

166
167
168
169
170

171
172
173
174
175

176
177
178
179
180

181
182
183
184
185

186
187
188
189
190

191
192
193
194
195

196

197
198
199
200

EMF
MIC Vv

97.7
98.4
99.0
99.6

100.2
100.8
101.5
102.1
1027

103,3
104,0
104.6
105,3
105,9

10646
107,2
107.9
108,5
109,2

109,8
1105
1111
111.8
112.4
113,1
113,.7
114,3

115.0
11546

116,2
116.8
11745
118}
11R.,7

119.3

119.9
12046
121.2
121.8

s LOT

TEST DATE SEPTEMBER 1960

ANY

OELEMF

MIC v

0.6
0.6
Oe7
Ceb
0.6

S
o
o o

P~ O ANOPON NN NN N NN OO~

® ® o =

* o L J [ L ]

ccoccCcc o ccCcccec o cCoccCc o occCc oo o CCOO o oC o C
® e o @
o

c o
o o
[o S0

0.7
0.6
Ueb

cy VS

NE/LT

MIC V/DGK

0.620
0e620
0620
0620
0,620

0620
0e620
04620
0620
0620

0.620
0620
0.620
0.620
0,620

U620
0.620
0,620
0,620
0,620

04620
0620
0620
04620
04620

0620
0.620
0630

0630
0630

0.630

0.630
0e630
0630
1630

0630

04630
0630
0630
0630

[

N.AG L]

Nel

- TEMP
DEG K
201
202
203

204
205

206
207
208
209
210

211
212
213
2le
215

216
217
218
219
220

221
222
223
224
225

226
227
228
229
230

231
232
233
234
23%
236
237
238
239
240

F-MF
MIC v

122.4
123.1
123.7
124.3
125,90

125.6
12643
12649
127.5
12842

128,.8
129.5
130.1
130,.7
131,4

132.0
132.7
133,.3
133,9
134,6

135.3
135.9
136.6
137.2
137.9

138.6
139,3
139.9
140.6
141.3

142,90
14247
143.3
1440
1447

1494
la6al
146,8
147.5
14862

ISA TYPE UNDESIGas

DELEMF
MIC v

o QO DO OO
e ®» * o »
NN N D

<=
o o
T~ O

0,6

CT oo O SoCcCO D ocoo O oooc
L]
NSNSNSN SN NNON N NNONSN NN N NN NN

®»® @ 8 9

< oo Cc <

o o <O
E

<

BASED ON

00 DEG. K

DE/OT
MIC Vv/DGK

0,630
0,630
0,630
0.630
0.630

0,630
0,630
0.630
0e630
0630

0,630
0,630
0,630
0,630
0,630

0,630
0,630
0,630
0,640
0.650

0,660
0670
0680
0.690
0,700

0.700
0,700
0,700
0.700
0.700

0,700

0.700
0700
0e700
0700

0700
0.700
0700
04700
0700



THERMOCOUPLE TABLF FOR cy VS N.AG » ISA TYPE UNDESIGe.s BASED ON
NAT. BUR. OF STANDARDS PuUB. UNPUB, WITH CALCe MULT. FACTOR OF 1.00000.
GENERAL o LOT &Ny , USERS REFERENCE TEMPERATURE 0,000 DEG. K

TEST UATE SEPTEMBRER 1960 B8Y POWELL+BUNCH

TEMP EmF DF.LEMF VE/DT TEMP EMF DELEMF DE/DTY
DEG K MICV MICV  MIC V/DGK DEG K  MIC v MIC Vv  MIC V/DGK
241 148,9 0.7 0.700 281 177.6 0.7 0,730
242 14946 0e7 0e700 282 17R.4 0.8 0.730
243 150.3 0.7 0s700 283 179.1 0.7 06730
244 151.0 0.7 0700 284 179.9 0,8 0e740
245 1917 0.7 0700 285 180.6 0e7 06750
246 152.4 0.7 0700 286 181.4 0.8 0,760
247 153,.1 Va7 0.700 287 182.1 0.7 0,770
248 153,8 0,7 0.700 288 182.9 0,8 0,770
249 154.5 0e7 0,700 289 183.6 0,7 0.770
250 15%.2 0.7 0700 290 184 .4 0.8 0,770
251 155,9 0.7 0700 291 185.2 0.8 0,770
252 156+6 0e7 0700 292 18549 067 0770
253 1573 07 0710 293 1867 0.8 0e770
254 15840 07 0720 294 1875 0.8 0.770
255 1587 07 0730 29% 188.3 0.8 0770
256 159.4 0.7 0730 296 189.1 0.8 0770
257 160.1 0.7 0,730 297 189,9 0,8 0,770
258 160.9 0.8 0.730 298 19047 0,8 0,770
259 16146 0.7 0a730 299 1915 0.8 0.770
260 162.3 0.7 04730 300 192.3 0.8 0,770
261 163,0 Qa7 0.730
262 163,7 0.7 0730
263 164.5 0.8 06730
264 165,2 0.7 0.730
265 165,9 0.7 0.730
266 l66.7 UeH 0730
267 16744 Va7 0,730
268 l168.1 Oe? 0.730
269 168.9 OeB 0s730
270 16946 0?7 0.730
271 170.,3 0a7 0730
2712 17140 Uo7 0730
273 171.8 U.8 0.730
274 17245 Ue7 0730
275 173,2 Oa7 0,730
276 174,0 0.8 0e730
277 174.7 07 0.730
278 175,64 Ve7 0.730
279 176,42 0.8 0,730
280 17649 0a7 0730
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THERMOCOUPLE TABLE FOR cu VS NeAG ¢ ISA TYPE UNDESIG.s BASED ON
NATe BURe OF STANDARDS PuBe UNPUBe WITH CALCe MULTs FACTOR OF 14000000
GENERAL » LOT ANY o USERS REFERENCE TEMPERATURE 04000 DEGe C

TEST DATE SEPTEMBER 1960 8Y POWELL +BUNCH

TEMP EMF DELEMF VE/OT TEMP EMF DELEMF DE/DT
DEG C MIC v MIC V mMIC v/DGC DEG C MIC Vv MIC Vv MIC V/DGC
-272 -171.89 Ve00 0000 -232 -163.8 0.7 0,723
=271 -171.89 0.00 0,000 =231 -163,.1 0.7 0,743
=270 -171.89 0.00 0.000 -230 =162.4 0.7 0.763
=269 -171.89 0.00 0.000 =229 -]hleb 0.8 0.783
-268 =171.89 0e00 0000 =228 =160.8 0.8 0.804
"267 -171089 0.00 0000 -227 -160.0 0.8 00821
=266 =171.89 Ve09 D000 =226 -159,2 0.8 0.831
-265 =171.89 0,00 0000 -225 -158,3 0.9 0.841
~264 =171.89 0,00 0.000 -224 —157.4 0.9 0.852
-263 =171.88 0,01 0.000 -223 -156,6 0.8 0.861
=262 =171.87 0601 0000 -222 =155.7 0.9 0.872
-261 =-171.86 0.01 0.000 =221 -154.8 0.9 0,880
=260 =171.85 0401 =0.001 =220 =-153.9 0.9 0.880
=259 ~171.84 001 0001 =219 =153.0 0.9 0.880
=258 -171.83 001 0.011 -218 =152.2 0.8 0.880
-2957 -171.81 0.02 0.021 =217 =151,3 0.9 0.880
=256 =171.78 V.03 0031 -216 -150.4 049 0,880
-255 =171,76 0.02 0.042 =215 -149,5 0,9 0.880
=254 -171,73 0,03 N,0%1 =214 -148,.6 0,9 0,880
=253 -17]1,68 0.05 0,061 -213 -147,8 0.8 0,880
=252 =171.61 0.07 0073 -212 =146.,9 049 0.880
=251 =171.50 O0.11 0,093 =211 =146.0 09 V.880
=250 «171.37 0,13 Uell2 =210 =145,.1 0.9 0.880
=249 -171.20 Ual7 Nel34 =209 =144.2 0.9 0.880
=248 =171.01 0419 0.166 =208 -143.4 0.8 0.880
-247 "170178 0923 ()0206 ‘207 -14205 0.9 0.879
=246 =17053 Ue25 0+246 =206 =14]146 0.9 0.882
=245 =170.24 0e29 (1e286 =205 =140.7 0.9 0.890
=244 =169,93 0,31 0+326 -204 -139.8 0.9 0,890
=243 -169,59 0634 0.366 =203 -139.0 0,8 0,890
=242 -169.2 Ved Ne&06 =202 -138.1 0.9 0.890
=241 =-168.8 Oed Nesa? -201 ~-137.2 0.9 0.890
=240 =16844 0«4 0e4Ba =200 =136.3 Ne9 0890
=239 ~167+9 Ueb 0514 =199 ~135.4 0.9 0890
=238 =167¢4 Oeb 0544 -198 ~134.6 0.8 0890
"237 '156.9 0.5 0.574 -]97 -13307 0.9 0.890
=236 =166¢3 Deb De604 -196 =132.9 0.8 0.89)
-235 -165.7 0e6 e634 ‘195 ~132a0 009 0.889
=234 =16%5,1 Ueb Qe664 '194 =131.2 Ue8 0,878

0.8 0.868

=233 =164+5 0eb N« 695 -193 ~130u.4




THERMOCOUPLE TABLE FOR cu VS NJAG ¢ ISA TYPE UNDESIG.s BASED ON
NAT. BURe OF STANDARDS PUHK. UNPUBe WITH CALCe MULT. FACTOR OF 1.00000.
GENERAL v LOT ANY , USERS REFERENCE TEMPERATURE 0,000 DEG. C

TEST DATE SEPTEMBER 1960 BY POWELLsRUNCH

TEMP EMF DELEMF DE/OT TEMP EMF DELEMF DE/DTY
DEG C MIC v MIC V M1C V/DGC DEG C MIC v MIC V MIC V/DGC
=192 =129.5 0.9 0.858 -152 -99,9 0.7 0,670
-191 =12847 UeB 0.848 =151 -99.3 0e6 0.670
-190 =-127.8 0.9 0.838 =150 =-98.6 07 0.670
-189  =127.0 0.8 0.828 -149 -9840 06 0,670
-188 =12642 0.8 0.818 -148 -97.3 0.7 0.670
-187 -ldbo3 0.9 00808 "147 -9607 0.6 00670
-186 -12644% V.8 0.798 =146 -96,.,0 0,7 0.670
=185 =123.7 V.8 0,788 =145 95,4 0.6 0,670
=184 =122.9 0.8 0.778 =144 94,7 047 0.670
=183 =122.1 0.8 0.769 =143 -94,1 0.6 0.670
=182 =-121.3 0.8 0.758 -142 -93.4 0.7 0.670
=181 =120¢6 Ve? 0748 =141 -92.8 0s6 04671
=180 =119.8 0«8 0738 =140 =922 06 04668
=179 =119+0 Ue8 0¢7¢8 -139 =915 07 0.658
=178 -118.3 Ve7 0719 =138 «“90.9 Qeb 0.648
-177 -11105 0.8 0.708 -137 -90.2 0.7 0.639
-176 =-116.8 Oe7 0.698 =136 =-R9,6 0.6 0.628
-17S =116.,1 07 N.688 =135 =-89.0 0«6 04620
-174 -11%3 0.8 D678 =134 =H8.3 0.7 0,620
-173 -114,6 0.7 Ne670 =133 87,7 0.6 0,620
-172 -11309 0.7 0.670 -132 -8701 0.6 0-620
=171 =113.1 0.8 0.670 =131 -Bheb 0.7 0,620
=170 =-112.4 0.7 0e670 -130 -85,8 0.6 0.620
=169 =111.7 Ue7 0.670 -129 -B5.2 046 0.620
=168 -111.0 067 0.670 -128 =-844,6 0.6 0,620
"167 =110.3 0.7 00670 -127 =84.0 0.6 0.620
-166 "10906 007 0.670 -166 -83.3 0.7 00620
-165 -10809 0.7 0.670 "125 "82.7 0.6 00620
-164 -10802 0.7 00670 -124 -82.1 006 00630
=163 =107,% V.7 0.670 =123 =-81.5 0.6 0.620
=162 =106.8 07 0670 =122 ~B{ 9 046 0.620
-161  =106.1 0.7 0.670 -121 -R0.3 0eb 0,620
-160 -105.4 0.7 0.670 -120 =-79.6 0a7 0.620
-159 -104.7 0.7 0.670 -119 -,9.0 0.6 0.620
=158 =104,0 0.7 0.670 -118 «-7B.4 0,6 0,620
=157 =103.3 0.7 0.670 -117 =77.8 0e6 0,620
-156  =102.6 0.7 0.670 -116 -77.2 046 0.620
-15% «101.9 Uo7 0,670 =115 =765 0,7 0,620
-154 =101.3 0.6 0.670 -1l14 -75.9 0.6 0,620
-153 -100.,6 Va7 0.670 -113 -7%.3 0.6 0,620




THERMOCOUPLE TABLE FOR Cu VS NeAG o ISA TYPE UNDESIG.s BASED ON
NAT. BUR. OF STANDARUS PUB, UNPUBs WITH CALC. MULT. FACTOR OF 1,00000.
GENERAL s LOT ANY o« USERS REFERENCE TEMPERATURE 0,000 DEG. C

TEST DATE SEPTEMHBER 1960 BY POWELL sBUNCH

TEMP EMF DELEMF DE/OT TEMP EMF DELEMF DE/DT
DEG C MIC vV MIC V MIC V/0GC DEG C MIC vV MIC vV MIC V/DGC
-112 -74.7 Db 0.620 "72 -49 .4 006 00630
=111 T4, 0eb 0620 "‘71 -48a.7 0.7 00630
-110 =T73.4 (1 4 0.620 "‘70 =4H,1 0.6 0-630
=109 -72.8 Ceb 06620 -69 -4T.4 0a7 04630
=108 =72.2 Ueb 0620 -68 -46,.8 0.6 0,630
-107 =Tl.6 Ueb 3620 -67 =46,42 0e6 0.630
=106 -71,0 0,6 0,620 -66 -45.5 0,7 0,630
=105 -70.3 0a7 04620 -65 -44,9 0.6 0,630
-164 -69.7 Deb 0.620 "'64 =44 47 0.7 0.630
=103 =69,1 Q.6 0.620 =-63 -43,6 0,6 0,630
=102 -68e¢4 Ue7 )e620 -62 =43.0 0e6 0.630
-101 -67.8 0.6 0.620 -61 -42.,3 0-7 00630
=100 =671 0.7 Ne620 =60 =417 0.6 0630
=99 =664+5 Oeb 0e620 -59 =410 07 0.630
-98 =658 Ue? 0620 -58 =40e6 0«6 0630
-97 -65.2 Oe6 0.620 =57 =39,8 0.6 0,630
-96 -64,5 Uo7 0.620 -56 -39,1 0.7 0,629
=95 -63,9 0,6 0,620 =55 -38.5 0,6 0,631
=94 =-63,2 Vo7 0.620 -54 =37,.8 0.7 0,641
-93 =-62,6 0,6 0,620 -53 -37,2 0.6 0,651
-92 -6109 0.7 0.620 "52 '36.5 007 0.661
-91 "61.3 0.6 0.620 -sl -35.9 0.6 0.671
=90 -60,7 0,6 0.620 =50 =-35,2 0.7 0,681
"89 -6000 0.7 0.620 -49 -34.5 007 00692
-88 -59,.4 0.6 0,620 -48 -33,9 0,6 0,700
-87 -58.7 Vel 0.619 -47 =33.2 0.7 04700
-86 -58,1 0.6 0,622 -46 -32.5 0.7 0,700
-85 =575 0-6 0.630 =45 -31-8 0.7 0.700
-84 =-56.8 067 0.630 =44 =31.2 0.6 0,700
-83 =562 Qeb 0e630 =43 =305 0.7 0.700
-82 -55.6 Oab 0.630 -42 -29.8 007 0.700
"81 -55.0 U-6 0.630 -41 -29.1 0.7 00700
-80 54,3 0.7 0,630 -40 -28 .4 0,7 0,700
=79 -53,7 0,6 0,630 -39 w2l 7 0.7 0,700
-78 -53,1 Ja6 0,630 -38 27,1 0,6 0,700
-77 =525 Oa6b 0e630 -37 -2644 0,7 0.700
-76 -51.9 0.6 0.630 "'36 "25.7 0.7 0.700
"75 =-51e2 Uo7 0e630 =35 -25.0 0.7 00700
=74 ~-50.6 Ueb 0e630 =34 2443 0.7 00700
"73 -50.0 0.6 0.7 0.700

0.630 -33 -23.6
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THERMOCOUPLE TABLE FOR cy VS N,AG s ISA TYPE UNDESIG.s BASED ON
NAT, BUR, OF STANDARDS PiJB. UNPUB, WITH CALC. MULT. FACTOR OF 10000000
GENERAL vy LOT ANY o+ USERS REFERENCE TEMPERATURE 0.000 DEG. C

TEST DATE SERPTEMHER 1960 BY POWELL «BUNCH

TEMP EMF NELEMF NE/NDT TEMP EMF DELEMF DE/DT
DEG C MIC V MIC V MIC V/DGC DEG C MIC V MIC V MIC V/DGC
-32 "‘22.9 0.’ 0.700 8 5.9 ﬂ.a 00730
=31 =222 Oe7 0«700 9 6eb 0.7 0729
=30 =215 Ue7 0e700 10 Te3 07 04731
-29 -20.8 0.7 0,700 11 8.l 0,8 0,741
-28 -20.1 007 0.700 12 808 OQ7 00751
-27 =19.4 Vel 0700 13 9.6 0,8 0,762
-26 -18.7 0,7 0,700 14 10,3 0,7 0,770
'25 "1800 0.7 0.700 15 11.1 0.8 00770
-24 =17.3 0.7 0,700 16 11.9 0.8 0,770
-23 =-16.6 Ue7 0.700 17 1246 0.7 0,770
=22 -15,9 Vo7 0699 18 13.4 0.8 0.770
=21 =1%.2 0.7 0701 19 14¢2 0.8 0.770
=20 =14e5 Ue? 0711 20 1‘0-9 0.7 0.770
-19 =13.8 07 0el22 21 1547 0.8 0,770
'18 =]13.1 Va7 0730 22 1605 0.8 00770
-17 =123 0.8 0730 23 17.3 0.8 0.770
=16 ~11.6 0e7 0,730 24 18,1 0.8 0,770
-15  =10.9 0.7 0.730 25 189 0.8 0,770
-14 =l0.2 0e7 0.730 26 19.7 008 00770
-13 =35 Va7 0e730
-12 -808 Uo’ 0.730
-11 =840 0.8 0.730
=10 -7.3 0.7 0.730
"9 =6ab 0.7 0.730
-8 -508 0.8 00730
-7 =5,1 0.7 0.730
-6 =bol 0.7 0.730
-5 =-3.7 Ue7 06730
-4 =2,9 V.8 0,730
-3 =-2,2 0.7 0,730
-2 =145 0.7 0,730
-1 -0.7 0,8 0,730

0 0.0 0.6 0,730
] 0.7 07 0e730
2 15 Ue8 0730
3 2¢2 Va7 0.730
4 249 07 06730
5 3.6 0.7 0.730
6 4ot 0.8 0.730
7 Sel Vo7 0730




THERMOCOUPLE TABLE FOR CHRML VS ALUMEL, ISA TYPE KP-KN + BASED ON
NAT. BUR. CF STANDARDS PUB. UNPUB. WITH CALC. MULT. FACTCR OF 1.00C.
GENERAL » LOT ANY « USERS REFERENCE TEMPERATURE 0. DEG. K

TEST DATE SEPTEMBER 1,60 BY POWELL,BUNCH

TEMP EMF DELEMF DE/DT TEMP EMF DELEMF DE/DT
DEG K MIC VvV MIC V MIC V/DGK DEG K MIC v MIC V MIC V/DGK

1 J.13 0.13 C.188 41 176.7 8.7 8.830
2 .41 0.28 0.379 42 185.6 8.9 9.040
3 U.89 0.48 0.572 43 194.7 9.1 9.250
4 1.56 0.67 C.767 44 204.1 9.4 9.460
5 2042 0.86 G.965 45 213.7 9.6 9.670
6 3.48 1.06 1.164 46 223.5 9.8 9.880
1 4.75 1.27 l.366 47 233.5 1C.0 10.090
8 6.22 l.47 1.569 48 243.7 10.2 10.300
9 7.89 1.67 1.775 49 254.1 10.4 10.510
10 9.77 1.88 1.982 50 264.7 10.6 10.720
11 11.86 2.09 2.191 51 275.5 10.8 10.920
12 14.16 2.30 2.402 52 286.5 11.0 11.120
13 16.67 2.51 2.614 $3 297.7 11.2 11.320
14 19.38 2.71 2.826 54 309.1 11.4 11.520
15 22.3 2.9 3.0490 55 320.7 11.6 11.730
16 25.4 3.1 3.260 56 332.5 11.8 11.930
17 28.8 3.4 3.480 57 344.5 12.0 12.130
18 32.4 3.6 3.70C 58 356.8 12.3 12.330
19 36.2 3.8 3.920 59 369.3 12.5 12.530
20 40.2 4,0 4.140 60 382.0 12.7 12.720
21 4445 4.3 44360 61 394,.8 12.8 12.920
22 49.0 4.5 4,580 62 407.8 13.0 13.120
23 53.7 4.7 4.8C0O 63 421.0 13.2 13.320
24 58.6 4.9 5.020 64 434 .4 13.4 13.520
25 63.7 5.1 5.250 65 448.0 13.6 13.710
26 69.1 S.4 5.480 66 461.8 13.8 13.900
27 Tae1 5.6 5.710 67 475.8 14.C 14.090
28 80.5 5.8 5.940 68 490.0 l4.2 14.280
29 86.5 6.0 6.17C 69 504.4 l4.4 14.470
30 92.8 6.3 6.39C 70 519.0 l14.6 14.660
31 99.3 6.5 6.610 71 533.8 14.8 14.853
32 106.0 6.7 6.830 72 548.7 14.9 15.040
33 113.0 7.0 7.C60 73 563.8 15.1 15.230
34 120.2 7.2 7.290 T4 579.1 15.3 15.420
35 127.6 T.4 7.520 75 594,.6 15.5 15.610
36 135.2 7.6 1.750 76 610.3 15.7 15.800
37 143.1 7.9 1.976¢ 7 626.2 15.9 15.990
38 151.2 8.1 8.19C 78 642.3 16.1 16.170
39 159.5 8.3 8.41C 79 658.5 16.2 16.35C
40 168.0 8.5 8.620 80 674.9 16.4 16.530

>
I~
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THERMOCOUPLE TABLE FOR CHRML VS ALUMEL, ISA TYPE KP-KN » BASED ON
NAT. BUR. OF STANDARDS PUB. UNPUB. WITH CALC. MULT. FACTCR OF 1.000.
GENERAL » LOT ANY « USERS REFERENCE TEMPERATURE 0. DEG. K

TEST DATE SEPTEMBER 1,60 BY POWELL,BUNCH

TEMP EMF DELEMF DE/OT TEMP EMF DELEMF DE/DT
DEG K MIC vV MIC V MIC V/DGK DEG K MIC v MIC V MIC V/DGK
81 691.5 16.6 16.710 121 1498.1 23.4 23.450
82 708.3 16.8 16.890 122 1521.6 23.5 23.600
83 125.3 17.0 17.07C 123 1545.3 23.7 23.1750
84 742.5 17.2 17.250 124 1569.1 23.8 23.900
85 759.8 17.3 17.430 125 1593.1 24.0 24.050
86 777.3 17.5 17.610 126 1617.2 24.1 24.200
87 795.0 17.7 17.790 127 1641.5 24.3 24.350
88 8l12.9 17.9 17.960 128 1665.9 24.4 24.500
89 831.0 18.1 18.140 129 1690.5 24.6 24.650
90 849,.2 18.2 18.320 130 1715.2 24.7 24.80C
91 867.6 18.4 18.500 131 1740.1 24.9 24.950
92 886.2 18.6 18.680 132 1765.1 25.0 25.100
93 905.0 18.8 18.85C 133 1790.3 25.2 25.250
94 923.9 18.9 19.020 134 1815.6 2543 25.400
95 943.0 19.1 19.190 135 1841.1 25.5 25.550
96 562.3 19.3 19.360 136 1866.7 25.6 25.700
97 981.7 19.4 19.530 137 1892.4 25.7 254840
98 1001.3 19.6 19.700 138 1618.3 25.9 25.980
99 1021.1 19.8 16.870 139 1944.4 26.1 26.120
100 1041.1 20.0 2C.040 140 1970.6 26.2 26,260
101 1061.2 20.1 2C.210 141 1996.9 2643 26.400
102 1081.5 20.3 20.38¢C 142 2C23.4 26.5 26,540
103 1101.9 20.4 20.550 143 2050.0 26.6 26.680
104 1122.5 20.6 20.720 144 2076.7 26.7 26.820
105 1143.3 20.8 20.890 145 2103.6 26.9 26.960
106 1164.3 21.0 21.060 146 2130.6 27.C 27.100
107 1185.4 21.1 21.220 147 2157.8 27.2 27.240
108 1206.7 21.3 21.380 148 2185.1 27.3 27.380
109 1228.2 21.5 21.540 149 2212.6 27.5 27.520
110 1249.8 21.6 21.700 150 2240.2 27.6 27.650
111 1271.6 21.8 21.869 151 2267.9 27.7 27.780
112 1293,5 21.9 22.020 152 2295.7 27.8 27.920
113 1315.6 22.1 22.180 153 2323.7 28.0 28.060
114 1337.8 22.2 22.340 154 2351.8 28.1 28.200
115 1360.2 22.4 22.500 155 2380.1 28.3 28.330
116 1382.8 22.6 22.660 156 2408.5 28.4 28.460
117 1405.6 22.8 22.820 157 2437.0 28.5 28.590
118 1428.5 22.9 22.980 158 2465.7 28.17 28.720
119 1451.5 23.0 23.140 159 2494 .5 28.8 28.850
120 1474.7 23.2 23.300 160 2523.4 28.9 28.980
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THERMOCQUPLE TABLE FOR CHRML

NAT. BUR.
GENERAL

TEMP
DEG K

161
162
163
164
165

166
167
168
169
170

171
172
173
174
175

176
177
178
179
180

181
182
183
184
185

186
187
188
189
180

191
192
193
194
195

196
197
198
199
200

EMF
MIC Vv

2552.4
258l.6
2610.9
2640.3
2669.9

2699.6
2729.4
2759.3
2789.3
2819.5

2849.8
2880.2
2910.8
2941.5
2972.3

3003.2
3034.2
3065.3
3096.6
3128.0

3159.5
3191.1
3222.8
3254.6
3286.6

3318.7
3350.9
3383.2
3415.6
3448.1

3480.7
3513.4
3546.2
3579.1
3612.2

3645.4
3678.7
3712.1
3745.6
37179.2

» LOT ANY

TEST DATE SEPTEMBER 1,60

DELEMF
MIC Vv

29.0
29.2
29.3
29.4
29.6

29.7
29.8
29.9
30.0
30.2

30.3
30.4
30.6
30.7
30.8

30.9
31.0
3l.1
31.3
3l1.4

31.5
31.6
31.7
31.8
32'0

32.1
32.2
32.3
32.4
32.5

32.6
32.7
32.8
32.9
33.1

33,2
33.3
33.4
33.5
33.6

OE/DT
MIC V/DGK

29.110
29.240
29.360
29.490
29.620

29.1750
29.880
30.000
3C.120
30.240

30.360
3C.480
30.610
30.730
30.850

30.970
31.090
31.210
31.330
31.440

31.55G
31.€60
31.780
31.900
32.020C

32.130
32.240
32.350
32.460
32.57C

32.680
32.790
32.900
33.010
33.120

33.230
33.340
33.440
33.540
33.640

A-27

VS ALUMEL,
OF STANDARDS PUB. UNPUB. WITH CALC.

TEMP

DEG K

201
202
203
204
205

2C6
207
208
209
210

211
212
213
214
215

216
217
218
219
220

221
222
223
224
225

226
2217
228
229
230

231
232
233
234
235

236
237
238
239
240

ISA TYPE KP-KN ’

MULT. FACTCR OF
« USERS REFERENCE TEMPERATURE 0.
BY POWELL,BUNCH

EMF
MIC Vv

3812.9
3846.7
3880.5
3914.5
3948.6

3982.8
4C17.1
4C51.5
4086.0
4120.6

4155.3
4190.1
4225.0
4259.9
4295.90

4330.2
4365.5
44G0.9
4436.3
4471.8

4507.4
4543.1
4578.9
4614.8
4650.8

4686.9
4123.0
4759.2
4795.5
4831.9

4868.4
4905.0
4941.7
4G78.4
5015.2

5052.1
5089.1
5126.1
5163.2
5200.4

DELEMF
MIC V

33.7
33.8
33.8
34.0
34.1

34.2
34.3
34.4
34.5
34,6

34.7
34.8
34.9
34,9
35.1

35.2
35.3
35.4
35.4
35.5

35.6
35.7
35.8
35.9
36.0

36.1
36.1
36.2
36.3
36.4

36.5
36.6
36.7
36.7
36.8

36.9
37.0
37.0
37.1
37.2

BASED ON
1.000.
DEG. K

DE/DT
MIC V/DGK

33,740
33.840
33.950
34.050
34.150

34,250
34.350
34.440
34.540
34.640

34.740
34,840
34,940
35.030
35.120

35.210
35.300
35.390
35.480
35.570

35.660
35.750
35.840
35.930
36.020

36.110
36,200
36.290
36.370
36.45C

36.53C
36.610
36.690
36.770
36.850

36.930
37.010
37.090
37.170
37.25¢0



THERMOCOUPLE TABLE FOR CHRML VS ALUMEL, ISA TYPE KP-KN + BASED ON
NAT. BUR. OF STANDARDS PUB. UNPUB. WITH CALC. MULT. FACTCR OF 1.000.
GENERAL » LOT ANY « USERS REFERENCE TEMPERATURE 0. DEG. K

TEST DATE SEPTEMBER 1,60 BY POWELL.BUNCH

TEMP EMF DELEMF DE/DT TEMP EMF DELEMF DE/DY
DEG K MIC V MIC V MIC V/DGK DEG K MIC VvV NMIC V MIC V/DGK
241 5237.7 37.3 37.330
242 5275.1 37.4 37.410
243 5312.5 37.4 37.490
244 5350.0 37.5 37.560
245 5387.6 37.6 37.630
246 5425.3 37.7 37.700
2417 5463.0 37.7 37.770
248 5500.8 37.8 37.840
249 5538.7 37.9 37.910
250 5576.7 38.0 37.980
251 5614.7 38.0 38.050
252 5652.8 38.1 38.120
253 5691.0 38.2 38.19C
254 5729.2 38.2 38.260
255 57617.5 38.3 38.330
256 5805.9 38.4 38.40C
257 5844.3 38.4 38.470
258 5882.8 38.5 38.540
259 5921.3 38.5 38.6C0
260 5959.9 38.6 38.660
261 5998.6 38.7 38.72%
262 6037.4 38.8 38.780
263 6076.2 3g.8 38.840
264 6115.1 38.9 38.900
265 6154.0 38.9 38,960
266 6193.0 39.0 39.020
267 6232.1 39.1 39,082
268 6271.2 39.1 39.140
269 631C.4 39.2 36.200
270 6349.6 39.2 39.260
271 6388.9 39.3 36.320
272 6428.2 39.3 39.380
273 6467.6 39.4 39.440
274 6507.1 39.5 39.490
2715 6546.6 39.5 39.540
276 6586.1 39.5 39.590
217 6625.7 39.6 39.640
278 6665.4 3Jo.7 39.690
279 6705.1 39.7 39.740
280 6744.9 39.8 39.790

A-28




THERMOCOUPLE TABLE FOR CHRML VS ALUMEL, ISA TYPE KP-KN » BASED ON
NAT. BUR. COF STANDARDS PUB. UNPUB. WITH CALC. MULT. FACTCR OF 1.000.
GENERAL o LOT ANY . USERS REFERENCE TEMPERATURE 0. DEG. C

TEST DATE SEPTEMBER 1,60 BY POWELL,BUNCH

TEMP EMF CELEMF DE/DT TEMP EMF DELEMF DE/DT
DEG C MIC v MIC V MIC V/DGC DEG C MIC v MIC V MIC v/06C
~272 -6473.37 0.16 C.217 =232 -6295.5 8.7 B.862
=271 -6473.06 0.31 0.408 =231 ~6286.6 8.9 3.072
=270 ~-6472.55 0.51 0.601 =230 —-627T.4 9.2 9.282
=269 -6471.85 0.70 0.797 =229 ~-6268.0 9.4 9.492
-268 -6470.96 0.89 0.995 =228 ~6258.4 9.6 9.702
-267 -6469.87 1.09 1.194 ~-227 -6248.5 9.9 9.912
=266 -6468.57 1.30 1.396 -226 -6238.5 10.0 10.122
=265 -6467.07 1.50 1.600 =225 ~-6228.3 10.2 10.332
=264 -6465.37 1.70 1.806 -224 ~6217.8 10.5 10.542
-263 -6463.45 1.92 2.013 ~-223 -6207.2 10.6 10.750
=262 -6461.33 2.12 2.223 -222 -6196.4 10.8 10.950
=261 -6459.0G0 2.33 2.434 -221 -6185.4 11.0 11.150
=260 -6456.46 2.54 2.646 =220 -0l74.1 11.3 11.349
=259 -6453,.72 2.74 2.858 =219 -6162.7 11.4 11.552
-258 -6450.8 2.9 3.073 -218 -6151.1 11.6 11.760
=257 -6447.6 3.2 3.293 =217 -6139.2 11.9 11.960
=256 -6444.2 3.4 3.513 =216 -6127.2 12.6C 12.160
=255 -6440,.6 3.6 3.733 -215 -6114.9 12.3 12.361
=254 -6436.7 3.9 3.953 -214 -6102.3 12.6 12.558
=253 -6432.7 4.0 4.173 -213 -6089.6 12.7 12.750
=252 -6428.4 4.3 4.393 =212 -6C76.8 12.8 12.950
=251 -6423.8 4.6 4.613 =211 -6063.8 13.0 13.150
=250 -6419.1 4.7 4,832 =210 -6C50.5 13.3 13.351
=249 -~6414.2 4.9 5.055 =209 -6037.1 13.4 13.549
=248 -6409.0 5.2 5.285 -208 -6023.5 13.6 13.739
=247 -6403.6 5.4 5.515 =207 -6CC9.6 13.9 13.929
=246 -6398.0 5.6 5.745 ~206 -5995.6 14.0 14.119
-245 -6392.1 5.9 5.975 =205 ~5981.4 14.2 14.309
=244 -6386.1 6.0 6.203 ~204 -5966.9 14.5 14.499
=243 -6379.8 6.3 6.423 -203 -5952.3 l14.6 14.689
=242 -6373.2 6.6 6.€42 =202 -5937.5 14.8 14.879
~241 -6366.5 6.7 6.865 =2C1 -5922.6 14.9 15.G69
=240 -6359.5 7.0 7.095 =200 =-5907.4 15.2 15.259
-239 -6352.2 7.3 7.325 -199 -5892.1 15.3 15.449
~238 -6344.8 T.4 1.555 -138 -5876.6 15.5 15.639
-237 -6337.2 T.6 7.783 -197 -5860.9 15.7 15.829
=236 —-6329.2 8.0 8.003 -196 -5844.9 16.0 16.017
=235 -6321.1 8.1 8.22¢4 -195 ~-5828.8 16.1 16.197
-234 -6312.8 8.3 Be442 -194 ~5812.6 16.2 16.377
-233 -63C4.2 8.6 8.652 -193 -5796.1 16.5 16.557




THERMOCOUPLE TABLE FOR CHRML
OF STANDARDS PuUB.

NAT. BUR.
GENERAL

TEMP EMF

DEG C MIC V
-192 -5779.5
=191 =5762.7
=190 -5745.7
-189 -5728.4
-188 -5711.1
-187 -5693.6
-186 -=5675.9
-185 -=5657.9
~-184 -5639.8
~-183 =5621.6
~182 -5603.1
-181 =5584.5
-180 -5565.7
=179 -5546.8
-178 -5527.6
-177 -5508.3
-176 -5488.9
-175 -5469.3
-174 -5449.4
=173 -5429.4
=172 -5409.3
-171 -5389.0
-170 -5368.5
-169 -5347.9
-168 -5327.1
-167 =5306.1
=166 -5284.9
-165 -5263.6
=164 =5242.1
-163 -5220.5
=162 -5198.7
=161 ~5176.7
=160 -5154.6
=159 -S5132.4
-158 -5109.9
=157 -5087.3
=156 -5064.5
=155 =5041.6
=154 -5018.6
=153 -4995,3

» LOT ANY

TEST DATE SEPTEMBER 1,60

DELEMF
MIC V

16.6
16'8
17.0
17.3
17.3

17.5
17.7
18.0
18.1
18.2

18.5
18.6
18.8
18.9
19.2

19.3
19.4
19.6
19.9
20.0

20.1
20.3
20.5
20.6
20.8

21.0
21.2
21.3
21.5
21.6

21.8
22.0
22.1
22.2
22.5

22.6
22.8
22.9
23.0
23.3

VS ALUMEL,
UNPUB. WITH CALC. MULT.

« USERS REFERENCE TEMPERATURE O.
BY POWELL,BUNCH

CE/DT
MIC V/DGC

16.737
16.917
17.097
17.277
17.457

17.638
17.815
17.687
18.167
18.347

18.528
18.706
18.876
19.046
19.216

19.386
19.556
19.726
19.896
2C.066

20.236
20.405
20.576
20.746
20.916

21.084
21.244
21.404
21.564
21.724

21.884
22,044
22.204
22.364
22.524

22.684
22,844
23.004
23.165
23.323

A-30

TEMP

DEG C

-152
~-151
-150
-149
=148

-147
-146
-145
- 144
-143

=142
-141
-140
-139
-138

=137
-136
=135
=134
=133

=132
=131
=130
-129
-128

-127
=126
-125
-124
-123

=122
-121
-120
-119
-118

=117
=116
-115
-11l4
-113

EMF
MIC V

-4971.9
-4948.4
-4924,7
-4900.8
-4876.8

-4852.7
-4803.9
-4779,.3
-4754.6

-4729.7
-4704.7
-4619.4
-4628.6

-4577.3
-4551.3
-4525.2
-4499.0

~4472.7
-4446.1
-4419.5
-4392.8
-4365.9

-4338.9
-4284.3
-4256.8
-4229.2

‘4201.5
-417306
-4117.5
-4089.2

-4032.2
-4C03.5
~-3945.8

DELEMF
MIC V

23.4
23.5
23.7
23.9
24.0

24.1
24.3
24.5
24.6
24.7

24.9
25.0
25.3
25.3
25.5

25.6
2547
26.0
26.1
26.2

26.3
26.6
26.6
26.7
26.9

27.0
27.3
27.3
27.5
27.6

27.7
27.9
28.0
28.1
28.3

28.4
28.6
28.7
28.8
28.9

ISA TYPE KP-KN » BASED ON
FACTCR OF

1.000.
DEG. C

DE/DT
MIC Vv/DGC

23.473
23.623
23.773
23.923
24.073

24.223
24.373
24.523
24.673
24.823

24.973
25.123
25.273
25.423
25.573

25.721
25.861
26.001
26.141
26.281

26.421
26.561
26,701
26.841
26.981

27.121
27.261
27.402
27.540
27.669

27.801
27.941
28.082
28.220
28.350

28.480
28.610
28.740
28.870
29.000




THERMOCOUPLE TABLE FOR CHRML VS ALUMEL, ISA TYPE KP-KN + BASED ON
NAT. BUR. OF STANDARDS PUB. UNPUB. WITH CALC. MULT. FACTCR OF 1.000.
GENERAL » LOT ANY « USERS REFERENCE TEMPERATURE 0. DEG. C

TEST DATE SEPTEMBER 1,60 BY POWELL,BUNCH

TEMP EMF DELEMF DE/DT TEMP EMF DELEMF DE/DT
DEG C MIC v MIC V MIC V/DGC DEG C MIC v MIC Vv MIC V/DGC
-112 -3916.8 29.0 29.130 -T2 -2655.6 33.7 33.754
=111 -3887.5 29.3 2G.257 ~-71 -2621.8 33.8 33.857
-110 -3858.2 29.3 29.380 =70 -2587.9 33.9 33.965
-109 -3828.8 29.4 29.51¢C -69 -2553.9 34,0 34.065
-108 -3799.2 29.6 29.640 -68 -2519.8 34.1 34.165
~107 -3769.5 29.7 29.770 =67 -2485.6 34.2 34,266
=106 -3739.6 29.9 29.898 =66 —-2451.3 34.3 34.363
=105 -3709.7 29.9 3c.018 -65 -2416.9 34.4 34.455
-104 <3679.7 30.0 3C.138 -64 ~2382.3 34.6 34,555
=163 -3649.5 30.2 30.258 -63 -2347.7 34.6 34.655
=102 -3619.2 30.3 30.377 =62 ~-2313.0 34.7 34,755
~101 -3588.7 30.5 3C.500 =61 -2278.2 34.8 34.856
-100 -3558.1 30.6 30.628 -60 ~2243.3 34.9 34.954
=99 -3527.4 30.7 3C.748 -59 -2208.4 34.9 35.044
=98 <=3496.6 30.8 30.868 -58 ~-2173.3 35.1 35.134
=97 -=3465.7 30.9 30.988 =57 -2138.0 35.3 35.224
=96 -3434.7 31.0 31.108 -56 -2102.7 35.3 35.314
=95 -=3403.5 31.2 31.229 =55 -2067.3 35.4 35,404
=94 -3372.2 31.3 31.347 -54 -2031.9 35.4 35.494
=93 -3340.8 31.4 31.457 =53 -1996.4 35.5 35.584
-92 -3309.3 31.5 31.566 =52 -1960.8 35.6 35.674
=91 -3277.7 31.6 31.678 =51 -1925.1 35.7 35.764
=90 -3246.0 31.7 31.798 -50 -1889.2 35.9 35.854
-89 -3214.1 31.9 31.919 =49 -1853.3 35.9 35.944
-88 -3182.1 32.0 32.037 =48 -1817.3 36.0 36.034
-87 -3150.0 32.1 32.147 =47 -1781.2 36.1 36.124
-86 -3117.8 32.2 32.257 -46 -1745.1 36.1 36.214
-85 -3085.5 32.3 32.367 =45 -1708.9 36.2 36.302
-84 -3053.1 32.4 32.477 —44 -1672.6 36.3 36.382
-83 -3020.5 32.6 32.587 =43 -1636.2 36.4 36.462
-82 -2987.9 32.6 32.6917 -42 -1599.6 36.6 36.542
-81 -2955.,2 32.7 32.807 =41 -1563.0 36.6 36.622
-80 -2922.4 32.8 32.917 ~40 -1526.3 36.7 36.702
=79 -2889.5 32.9 33.027 -39 -1489.6 36.7 36.782
=78 -2856.4 33.1 33,137 -38 =-1452.8 36.8 36.862
=77 -2823,1 33.3 33.247 -37 -1415.9 36.9 36.942
-76 -2789.8 33.3 33.355 -36 -1378.9 37.0 37.022
~75 =2756.4 33.4 33.455 =35 -1341.9 37.0 37.102
-T74 -=2722.9 33.5 33,555 ~34 -1304.8 37.1 37.182
~-713 -2689.3 33.6 33.655 =33 ~1267.5 37.3 37.262




THERMOCOUPLE TABLE FOR CHRML VS ALUMEL, ISA TYPE KP-KN » BASED ON
NAT. BUR. OF STANDARDS PUB. UNPUB., WITH CALC. MULT. FACTCR OF 1.00C.
GENERAL » LOT ANY « USERS REFERENCE TEMPERATURE 0. DEG. C

TEST DATE SEPTEMBER 1,60 BY POWELL,BUNCH

TEMP EMF DELEMF CE/OT TEMP EMF DELEMF DE/DTY
DEG C MIC v MIC V MIC V/DGC DEG C MIC v MIC V MIC v/DGC

-32 -1230.2 37.3 37.342
-31 -1192.8 37.4 37.423
-30 -1155.4 37.4 37.501
-29 -1117.9 37.5 37.571
-28 -1080.3 37.6 37.641
=27 -1042.6 37.7 37.711
-26 -1004.9 37.7 37.781
-25 -967.0 37.9 37.851
=24 -929.1 37.9 37.921
=23 -891.1 38.0 37.991
-22 -853.1 38.0 38.061
=21 -815.0 38.1 38.131
=20 -776.8 38.2 38.201
~-19 -738.6 38.2 38,271
-18 -700.3 38.3 38.341
-17 -661.9 38.4 38.411
-16 -623.4 38.5 38.481
"15 -585.0 38.4 38.5"9
~-14 -546.4 38.6 38.609
-13 -507.8 38.6 38.669
-12 -469.1 38.7 38.729
-11 -430.3 38.8 38.789
-10 -391.5 38.8 38.849
-9 -352.6 38.9 38.909
-8 -313.7 38.9 38.969
-7 -274.7 39.0 39.029
-6 -235.6 39.1 35.089
-5 -196.4 39,2 39,149
-4 -157.3 39.1 39.2C9
-3 -118.0 39.3 39.269
-2 ~-78.7 39.3 39.329
-1 -39.4 39.3 39.39C
-0 0.0 39.3 39,448

1 39.5 39.5 39.498

2 719.0 39.5 39.548

3 118.5 39,5 33.598

4 158.1 39.6 36,648

5 197.8 39.7 39.698

6 237.5 39.7 39.748

A-32




THERMOCOUPLE TABLE FOR CHRML VS CON
OF STANDARDS PuB.

NAT. BUR.
GENERAL

TEMP
DEG K

MV PHPWN

VO~

10

11
12
13
14
15

16
17

19
20

21
22
23
24
25

26
27
28
29
30

31
32
33
34
35

36
37
38
39
40

EMF
MIC Vv

0.3

- 0ONO

N -

[+ ]
-

11.8
15.4
19.4
23.8

28.7
34.0
39.7
45.8
52.3

59.2
66.5
T4.2
82.3
90.8

99.7
109.0
118.7
128.7
139.1

149.8
160.9
172.3
184.1
196,2

208.6
221.4
234,.,5
247.9
261.7

275.8
290.2
304.9
320.0
335.4

s LOT ANY

TEST DATE SEPTEMBER 1,60

DELEMF
MIC Vv

DO ~N~NO oot P HPOWWN N == OO

e o & o o

WV = =y WO WV~ W0 HPOO-~O N~ W

P s
o OC VO™

e O 9 ¢ o

D oy O ~NW O

-t

o
- ot
[ ]

11.8
12.1

12.4
12.8
13.1
13.4
13.8

14.1
14.4
14,7
15.1
15.4

DE/DT

MIC V/DGK

0.490
0.980
1.460
1.930
2.400

2.860
3.310
3.760
4.200
4.630

5.050
5.470C
5.880
6.280
6.680

7.080
T.47C
T7.860
8.250
8.640

9.020
9.400
9.780
10.150
10.510

10.869
11.210
11.550
11.890
12.230

12.570
12.9190
13.240
13.570
13.90¢C

14.230
14.560
14.880
15.200
15.520

A-

(¥Y)

(O8]

» ISA TYPE EP-EN
UNPUB. WITH CALC.

TEMP
DEG K

41
42
43
44
45

46
47
48
49
50

51
52
53
54
55

56
57
58
59
60

61
62
63
64
65

66
67
68
69
70

71
12
73
74
75

16
77
78
79
80

MULT. FACTCR OF
« USERS REFERENCE TEMPERATURE 0.
BY POWELL,BUNCH

EMF
MIC Vv

351.1
367.1
383.4
400.0
416.9

434,.1
451.6
469.4
487.5
505.9

524.6
543.6
562.9
582.5
602.4

622.6
643.1
663.9
685.0
706.3

727.9
749.8
772.0
794.5
817.3

840.4
863.7
887.3
911.1
935.2

959.5
984.0
1008.7
1033.7
1058.9

1084.4
1110.1
1136.1
1162.3
1188.7

DELEMF
MIC Vv

15.7
16.0
16.3
16.6
16.9

17.2
17.5
17.8
18.1
18.4

18.7
19.0
19.3
19'6

20.2
20.5
20.8
21.1
21.3

21.6
21.9
22.2
22.5
22.8

23.1
23.3
23.6
23.8
24.1

24.3
24.5
24.7
25.0
25.2

2545
25.7
26.0
2642
26.4

¢+ BASED ON

l1.C0G.
DEG. K

DE/DT
MIC V/DGK

15.830
16.140
16.450
16.750
17.050

17.360
17.670
17.980
18.280
18.580

18.880
19.180
19.480
19.780
20.070

20.360
20.650
204940
21.230
21.510

21.790
22.070
224340
22.610
22.880

23.14C
23.400
23.65¢C
23.900
24.150

24.40C
24.650
24.890
25.130
25.370

25.61G
25.859
26.090
26.330
26.570




THERMOCOUPLE TABLE FOR CHRML vSs
OF STANDARDS PUB. UNPUB.

NAT. BUR.
GENERAL

TEMP
DEG K

81
82
83
84
85

86
87
88
89
90

91
92
93
94
95

96
97
98
99
100

101
102
103
104
105

106
107
108
109
110

111
112
113
114
115

116
117
118
119
120

EMF
MIC V

1215.4
1242.3
1269.5
1296.9
1324.5

1352.4
1380.5
1408.9
1437.5
1466.4

1495.5
1524.8
1554.4
1584.2
1614.2

1644.4
1674.8
1705.4
1736.3
1767.4

1798.7
1830.3
1862.1
1894.1
1926.3

1958.7
1991.3
2024.1
2057.1
2090.3

2123.7
2157.3
2191.1
2225.1
225%.3

2293.7
2328.3
2363.1
2398.1
2433.3

» LOT ANY

DELEMF
MIC V

267
26.9
27.2
27.4
27.6

27'9
28.1
28.4
28.6
28.9

29.1
29.3
29.6
29.8
30.0

30.2
30.4
30.6
30.9
31.1

31.3
31.6
31.8
32.0
32.2

32.4
32.6
32.8
33.0
33.2

33.4
33.6
33.8
34.0
34,2

34.4
34.6
34.8
35.0
35.2

CON

WITH CALC. MULT.

» ISA TYPE EP-EN s+ BASED ON

FACTOR OF

« USERS REFERENCE TEMPERATURE C.
TEST DATE SEPTEMBER 1,60 BY POWELL,BUNCH

DE/DT

MIC V/DGK

26.810
27.050
27.290
27.540
27.780

28.020
28.260
28.500
28.740
28.980

29.210
29.440
29.670
29.900
30.120

30.340
30.560
30.780
31.000
31.220

31.430
31.640
31.850
32.060
32.270

32.480
32.690
32.900
33.110
33.320

33.530
33.730
33.930
34.130
34,330

34.530
34.730
34.930
35.130
35.330

A-34

TEMP

DEG K

121
122
123
124
125

126
127
128
129
130

131
132
133
134
135

136
137
138
139
140

141
142
143
144
145

146
147
148
149
150

151
152
153
154
155

156
157
158
159
160

EMF
MIC V

2468.7
2504.3
2540.1
257641
2612.3

2648.7
2685.3
2722.1
2759.1
2796.3

2833.7
2871.3
2909.1
2947.0
2985.1

3023.4
3061.9
3100.6
3139.5
3178.6

3217.9
3257.3
3296.9
3336.7
3376.7

3416.9
3457.2
3497.7
3538.4
3579.3

3620.4
3661.6
3703.0
3744.6
3786.4

3828.3
3870.4
3912.7
3955.1
3997.7

DELEMF
MIC V

35.4
35.6
35.8
36.0
36.2

36.4
36.6
36.8
37.0
37.2

37.4
37.6
37.8
37.9
38.1

38.3
38.5
38.7
38.9
39.1

39.3
39.4
39.6
39.8
40.0

40.2
40.3
40.5
40.7
40.9

41.1
41'2
4l.4
41.6
41.8

41.9
42.1
42.3
42.4
42.6

1.000.
DEG. K

DE/DT
MIC V/DGK

35.5390
35.730
35.920
36.110
36.300

36.490
36.680
36.880
37.070
37.260

37.450
37.640
37.830
38.020
38.210

38.400
38.580
38.770
38.960
39.150

39.340
39.530
39.7190
39.890
40.070

40.250
40.430
40.610
40.780
40.960

41.140
41.320
41.490
41.660
41.830

42.000
42.170
42.340
42.510
42.680




THERMOCOUPLE TABLE FOR CHRML VS

NAT. BUR.
GENERAL

TEMP
DEG K

161
162
163
164
165

166
167
168
169
170

171
172
173
174
175

176
177
178
179
180

181
182
183
184
185

186
187
188
189
190

191
192
193
194
195

196
197
198
199
200

OF STANDARDS PUB.

EMF
MIC V

4040.5
4083.4
4126.5
4169.8
4213.2

4256.8
4300.5
4344.4
4388.5
4432.7

4477.1
4521.6
4566.3
4611.2
4656.2

4701.4
474647
4792.2
4837.9
4883.7

4929.7
4975.8
5022.1
5068.6
5115.2

5162.0
5208.9
5256.0
5303.2
5350.6

5398.2
5445.9
5493.8
5541.8
5590.0

5638.3
5686.8
5735.4
5784,2
5833.1

» LOT ANY

TEST DATE SEPTEMBER 1,60

DELEMF
MIC vV

42.8
42.9
43,1
43.3
43.4

43.6
43.7
43.9
44.1
44.2

44 .4
44.5
44,7
44.9
45.0

45.2
45.3
45.5
45.7
45.8

46.0
46.1
46.3
46.5
46.6

46.8
46.9
47.1
47.2
47.4

47.6
47.7
47.9
48.0
48,2

48.3
48.5
48.6
48.8
48.9

CON

s ISA TYPE EP-EN
UNPUB. WITH CALC.,

« USERS REFERENCE

DE/OT

MIC V/DGK

42.850
43.010
43.170
43.330
43.500

43.660
43,820
43,980
44.140
44.300

44.460
44.620
44,780
44.940
45.100

45.260
45.420
45.580
45.740
45.900

46.060
46.21G
46.370C
46.530
46.690

46.840
47.000
47.160
47.320
47.470

47.620
47.770
47.930
48.080
48.230

48.380
48.530
48.680
48.830
48.971n

BY POWELL,BUNCH

TEMP

DEG K

201
202
203
204
205

206
207
208
209
210

211
212
213
214
215

216
217
218
219
220

221
222
223
224
225

226
227
228
229
230

231
232
233
234
235

236
237
238
239
240

TEMPERATURE

+ BASED ON
MULT. FACTOR OF

0.

EMF DELENMF
MIC V MIC V

5882.1
5931.3
5980.6
6030.1
6079.7

6129.5
6179.4
6229.5
6279.7
6330.0

6380.5
6431.1
6481.9
6532.8
6583.9

6635.1
6686.4
6737.9
6789.5
6841.2

6893.1
6945.1
6997.2
7049.5
7101.9

7154.5
7T207.2
1260.0
7313.0
7366.1

7419.3
1472.6
7526.1
1579.7
1633.4

7687.2
7741.2
7795.3
7849.5
7903.8

49.0
49.2
49.3
49.5
49.6

49.8
49.9
50.1
50.2
50.3

50.5
50.6
50.8
50.9
51.1

51.2
51.3
51.5
51.6
51.7

51.9
52.0
52.1
52.3
52.4

52.6
52.7
52.8
53.0
53.1

53.2
53.3
53.5
53.6
53.7

53.8
54.0
54.1
54.2
54.3

1.000.
DEG. K

DE/DT
MIC V/DGK

49,120
49.270
49.42C
49.570
49.710

49.850
49.990
50.130
50.280
50.420

50.560
50.700
50.840
50.980
51.120

51.260
51.400
51.540
51.670
51.800

51.940
52.080
52.220
52.350
52.480

52.610
52.740
52.870
53.000
53.130

53.260
53.390
53.520
53.650
53.780

53.910
54.040
54.170
54.300
54.420



THERMOCOUPLE TABLE FOR CHRML VS CON » ISA TYPE EP-EN » BASED ON
NAT. BUR. OF STANDARDS PUB. UNPUB. WITH CALC. MULT. FACTOR OF 1.000.
GENERAL » LOT ANY « USERS REFERENCE TEMPERATURE 0. DEG. K

TEST DATE SEPTEMBER 1460 BY POWELL,BUNCH

TEMP EMF DELEMF DE/ODT TEMP EMF DELEMF DE/DT
DEG K MIC V MIC V MIC V/DGK DEG K MIC V MIC V MIC V/DGK
241 7958.3 54.5 54.540
242 8012.9 54.6 54.660
243 8067.6 54.7 54.780
244 8122.4 54.8 54.900
245 8177.3 54.9 55.020
246 8232.4 55.1 55.140
247 8287.6 55.2 55.260
248 8342.9 55.3 55.380
249 8398.3 55.4 55.500
250 8453.9 55.6 55.620
251 8509.6 55.7 55.740
252 8565.4 55.8 55.860
253 8621.3 55.9 55.980
254 8677.3 56.0 56.090
255 8733.5 56.2 56.200
256 8789.8 56.3 56.310
257 8846.2 56.4 56.429
258 8902.7 56.5 56.540
259 8959.3 56.6 56.650
260 9016.0 56.7 56.760
261 9072.8 56.8 56.870
262 9129.7 56.9 56.980
263 9186.7 57.0 57.090
264 9243.8 57.1 57.200
265 9301.0 5T7.2 57.310
266 9358.3 57.3 57.410
267 9415.8 57.5 57.510
268 9473.4 57.6 57.610
269 9531.1 5T.7 57.710
270 9588.9 57.8 57.810
271 9646.8 57.9 57.910
272 9704.8 58.0 58.010
273 9762.9 58.1 58.110
274 9821.1 58.2 58.210
275 9879.4 58.3 58.310
276 9937.7 58.3 58.410
277 9996.1 58.4 58.510
278 10054.6 58.5 58.600
279 10113.2 58.6 58.690
280 10171.9 58.7 58.780

A-36




THERMOCOUPLE TABLE FOR CHRML
NAT. BUR. OF STANDARDS PUB. UNPUB. WITH CALC. MULT.

GENERAL

TEMP
DEG C

=272
=271
=270
=269
~-268

=267
=266
=265
~264
=263

-262
=261
-260
=259
=258

-257
=256
-255
-254
=253

=252
=251
=250
=249
-248

-247
-246
-245
-244
~243

-242
=241
=240
=239
=238

=237
=236
=235
-234
=233

EMF
MIC Vv

-9770.5
~9767.4
-9765.2

~-9762.5
~-9759.3
-9755.6
=-9751.6
-9747.1

-9731.0
-9724.9
-9718.3

-9711.4
-9704.0
~9696.2
-9688.1
~9679.5

-9670.6
-9661.2
-9651.4
~9641.4
-9630.9

-9620.2
—960900
-9597.6
-9585.7

-9561.1
-9548,3
’95350 1
-9521.7
-9507.8

""9‘093.7
_947902
-9464.5
-9449,.3
-9433,9

s LOT ANY

TEST DATE SEPTEMBER 1,69

DELEMF
MIC Vv

HH W N =00
« s 0 e 0 5 s 0 o 0
MO ~NN - N WS

[« \ 3 JRC, BN, I
* & o o =
[o N« I RV}

vS CON

» ISA TYPE EP-EN ’

FACTOR OF

« USERS REFERENCE TEMPERATURE Q.
BY POWELL,BUNCH

DE/DT

MIC V/DGC

0.564
1.053
1.530
2.001
2.470C

2.927
3.378
3.827
4.265
4.693

S.114
5.532
5.949
6.340
6.741

7.138
7.528
7.918
8.309
8,697

S.C77
9.458
9.836
10.205
10.562

10.913
11.261
11.601
11.941
12.281

12.622
12.959
13.289
13.619
13.949

14.280
14.608
14.928
15.249
15.566

TEMP
DEG C

~232
-231
-230
~229
-228

-227
=226
-225
~-224
=223

=222
=221
-220
=219
-218

=217
~216
-215
-214
=213

-212
=211
-210
=239
-2"78

=207
=206
=205
=204
-273

=202
-2C1
=200
-199
-198

-197
~-196
-195
-194
-193

EMF
MIC V

"9418.1
-9402.1
-9385.8
-9369.1
~-9352.2

-9334.9
-9317.4
-9299.5
-928l.4
-9262.9

=9244.2
-9205‘8
‘918602
-916602

-9146.0
-9125.4
-9104.6
"906201

-9040.5
-9018.5
-8996.3
-8973.7
-8950.9

-8927.7
-8904 .4
-8880.8
-8856.9

-8808.5
-8783.9
~-8759,2
-8708.9

~8683.4
-8657.6
-8631 06
-8605.4
-8578.9

DELEMF
MIC V

15.8
16.0
16.3
16.7
16.9

17.3
17.5
17.9
18.1
18.5

18.7
19.1
19.3
19.6
20.0

2062
20.6
20.8
21.2
21.3

21.6
22.0
22.2
22.6
22.8

23.2
23.3
23.6
23.9
2441

24.3
24.6
24.7
25.0
25.3

2545
25.8
26.0
26.2
2645

BASED ON
1.000.
DEG. C

DE/DT
MIC Vv/DGC

15.876
16.187
16.495
16.794
17.096

17.406
17.717
18.025
18.325
18.625

18.925
19.225
19.526
19.823
20.113

20.403
20.693
270.984
21.272
21.552

21.833
22.110
22.380
22.651
22.919

23.180
23.437
23.687
23.937
24.187

24.438
24.686
24.926
25.166
25.406

25.646
25.886
26.126
26.366
264606




THERMOCOUPLE TABLE FOR CHRML VS CON

NAT. BUR.
GENERAL

TEMP EMF

DEG C MIC V
-192 -8552.2
-191 -8525.3
-190 -8498.0
~189 -B470.6
-188 -8443.0
-187 -8415.0
~-186 -8386.9
-185 -8358.5
-184 -8329.8
=183 -8300.9
-182 -8271.7
=181 -B242.4
-180 -8212.8
-179 -8182.9
-178 -8152.9
=177 -8122.7
-176 -8092.3
=175 -8061.6
-174 -8030.7
=173 =7999.5
-172 -7968.2
=171 -7936.6
=170 -7904.7
-169 -7872.7
-168 -7840.5
-167 -7808.0
~-166 -=7775.4
~165 -7742.6
-164 -7709.6
=163 -=7676.3
=162 -7642.9
=161 -7609.3
=160 ~-7575.4
=159 -7541.4
-158 -7507.2
=157 -7472.7
=156 -7438.1
=155 =7403.3
=154 -7368.3
=153 -7333.0

OF STANDARDS PUB.

¢+ LOT ANY

TEST DATE SEPTEMBER 1,60

DELEMF
MIC V

26.7
26.9
27.3
27.4
27.6

28.0
28.1
28.4
28.7
28.9

29.2
29.3
29.6
29.9
30.0

30.2
30.4
30.7
30.9
31.2

31.3
31.6
31.9
32.0
32.2

32.5
32.6
32.8
33.C
33.3

33.4
33.6
33.9
34.0
34.2

34.5
34.6
34.8
35.0
35.3

DE/DT

MIC v/DGC

26.846
27.085
27.328
27.576
27.816

28.056
28.296
28.536
28,777
29.014

29.244
29.474
29.705
29.933
30.153

30.373
30.593
30.813
31.034
31.251

31.461
31.671
31.881
32.091
32.301

32.511
32.721
32.931
33.141
33.352

33.560
33.760
33.960
34.160
34.360

34.560
34,760
34,960
35.160
35.360

A-38

» ISA TYPE EP-EN » BASED ON
MULT. FACTOR OF
o« USERS REFERENCE TEMPERATURE 0.
BY POWELL,BUNCH

UNPUB. WITH CALC.

TEMP

DEG C

=152
=151
=150
=149
-148

-147
-146
-145
- 144
-143

=142
=141
=140
-139
-138

=137
-136
=135
=134
-133

-132
-131
=130
-129
~-128

=127
-126
-125
-124
=123

~122
-121
-120
-119
-118

=117
~116
-115
-114
-113

EMF
MIC Vv

-7297.6
-7262.0
-T7226.1
-7190.1
=7153.9

-711704
-7080.8
~-T7044.0
-7007.C
-6969.7

-6932.3
’689407
-6856.9
-6818.9
~-6783.8

-6742.5
-6703.9
-6665.2
-662603
-658701

~-6547.8
_650804
-6468.8
-6428.9
~-6388.9

-6348.7
-6308.4
~6267.8
‘622701
-6186.2

-6145.1
-6103.8
~6062.4
-6G20.8
-5979.0

-5937.C
-5894.9
-5852.6
-5810.1
-5767.5

DELEMF
MIC V

35.4
35.6
35.9
36.0
36.2

36.5
36.6
36.8
37.0
37.3

37.4
37.6
37.8
38.0
38.1

38.3
38.6
38.7
38.9
39.2

39.3
39.4
39.6
39.9
40.0

40.2
40.3
40.6
40.7
40.9

4l.1
41.3
4l.4
"1.6
41.8

42.0
42.1
42.3
42.5
42.6

1.000.
DEG. C

DE/DT
MIC V/DGC

35.561
35,758
35.948
36.138
36.328

36.518
36.711
36.908
37.098
37.288

37.478
37.668
37.858
38.048
38.239

38.426
38.608
38.798
38.988
39.178

39.369
39.557
39.737
39,917
40.097

40,277
40.458
40.635
40,807
40.987

41.168
41.345
4]1.515
41.685
41.855

42.025
42.195
42.365
42.535
42.706




THERMOCOUPLE TABLE FOR CHRML VS CON » ISA TYPE EP-EN v BASED ON
NAT. BUR. OF STANDARDS PUB. UNPUB. WITH CALC. MULT. FACTOR OF 1.000.
GENERAL » LOT ANY » USERS REFERENCE TEMPERATURE (. DEG. C

TEST DAYE SEPTEMBER 1,60 BY POWELL,BUNCH

TEMP EMF DELEMF DE/DT TEMP EMF DELEMF DE/DT
DEG C MIC V MIC V MIC V/DGC DEG C MIC Vv MIC V MIC V/DGC
=112 -5724.7 42.8 42.874 ~72 -3882.1 49.1 49.142
-111 -5681.8 42.9 43.034 -71 ~-3832.9 49.2 49.292
=110 -5638.6 43,2 43,193 -70 -3783.6 49.3 49.443
-109 -5595,3 43.3 43.356 -69 -3734.1 49.5 49.591
-108 -5551.9 43.4 43.524 -68 -3684.5 49,6 49.731
-107 -5508.3 43.6 43,684 -A7 =-3634.7 49.8 49.871
=106 -5464.6 43.7 43.844 -66 -3584.7 50.0 50.010
=105 -5420.6 44.0 44,004 -65 -3534,6 50.1 50.153
=104 -5376.5 44.1 44.164 -64 =-3484,4 50.2 50.301
-103 -5332.3 44,2 44,324 =63 —-3434.1 50.3 506441
-102 -5287.9 44.4 44.484 =62 -3383.5 50.6 50.581
=101 -5243.3 44.6 44.644 -61 ~-3332.9 50.6 50.721
-100 -5198.6 44.7 44.804 =60 -3282.1 50.8 50.861
-99 -5153.7 44.9 44.964 =59 -3231.2 50.9 51.001
-98 -5108.6 45.1 45.124 ~-58 -3180.0 51.2 51.141
=97 -5063.4 45,2 45.284 =57 -3128.8 51.2 51.281
=96 -5018.1 45.3 45.444 -56 -3077.5 51.3 51.422
=95 -4972.6 45.5 45.604 -55 -3026.0 51.5 51.559
=94 -4926.9 45.7 45.764 -54 =2974.4 51.6 51.689
=93 -4881.0 45.9 45,925 =53 =-2922.6 51.8 51.821
=92 -4835.C 46.0 46.082 =52 -2870.7  51.9 51.961
=91 -4788.9 46.1 46.234 =51 -2818.7 52.0 52.102
=90 -4742.6 46.3 46.394 =50 -2766.6 52.1 52.239
-89 -4696.0 4646 46,555 =49 -2714.3 52.3 52.369
-88 -4649.4 46.6 46.712 -48 -2661.8 52.5 52.499
-8T7T -4602.6 46.8 46.864 ~47 -2609.2 52.6 52.629
-86 -4555.7 46.9 47.024 -46 =2556.5 52.7 52.759
-85 -4508.6 47.1 47.185 -45 =-2503.7 52.8 52.889
-84 -4461.3 4T7.3 47.342 ~44 ~2450.7 53.0 53.019
=83 -4413.9 47.4 4T7.492 -43 ~2397.5 53,2 53.149
-82 -4366.3  47.6 47.642 -42 =2344.3 53.2 53.279
-81 -4318,5 47.8 47.795 -41 -2291.0 53.3 53.409
-80 -4270.6 47.9 47,952 =40 =2237.5 53.5 53.539
=79 =4222.6 48.0 48,102 -39 -2183.9 53.6 53.669
=78 -4174.4 48.2 48,252 -38 -2130.2 53.7 53.799
=77 =~4126.1 48.3 48.402 -37 -29076.3 53.9 53.929
=76 -4077.5 48.6 48.552 -36 -2022.3 54.90 54.C059
=75 -4028.9 48.6 48.703 -35 ~-1968.2 54,1 54.190
-74 -3980.1 48.8 48.850 -34 ~1914.9 54.2 54.318
=73 =3931.2 48.9 48.992 -33 -1859,.7 54.3 54.438



THERMOCOUPLE TABLE FOR CHRML VS CON s ISA TYPE EP-EN » BASED ON
NAT. BUR. OF STANDARDS PUB. UNPUB. WITH CALC. MULT. FACTOR OF 1.000.
GENERAL » LOT ANY » USERS REFERENCE TEMPERATURE 0. DEG. C

TEST DATE SEPTEMBER 1,60 BY POWELL,BUNCH

TEMP EMF DELEMF DE/DT TEMP EMF DELEMF DE/DT
DEG C MIC V MIC V MIC V/DGC DEG C MIC vV MIC V MIC V/DGC

-32 -1805.1 54.6 54.558
-31 -1750.5 54.6 54.678
-30 -1695.8 54.7 54,798
-29 -1641.0 54.8 54.918
-28 -1586.1 54.9 55.038
-27 -1530.9 55.2 55.158
=26 -1475.7 55.2 55.278
=25 =1420.4 55.3 55.398
-24 -1365.0 55.4 55.518
-23 -1309.4 55.6 55.638
=22 -1253.7 55.7 55.758
-21 -1197.8 55.9 55.879
-20 -=1141.9 55.9 55.996
-19 -1085.9 56.0 56.106
-18 -1029.7 56.2 56,216
-17 -973.4 56.3 56.326
'16 '91700 56.4 56.439
-15 -860.4 56.6 56.556
-14 -803.8 56.6 56.666
-13 ~T747.1 56.7 56.776
-12 -690.3 56.8 56.886
-10 -576.4 57.0 57.106
-9 -519.2 57.2 57.217
-8 -462,0 57.2 57.325
-7 -404,7 573 57.425
-6 ~-347.2 5T7.5 57.525
-5 -289.6 57.6 57.625
-4 -231.9 57.7 57.725
-3 -174.0 57.9 57.825
-2 -1l16.1 57T.9 57.925
-1 -5801 58.0 58.025
-0 Oe 58.0 58.125
1 58.2 58.2 58.225

2 116.5 58.3 58.325

3 174.8 58.3 58.426

4 233.2 58.4 58523

) 291.8 58.6 58.613

6 350.4 58.6 58.703




THERMOCOQUPLE TABLE FOR CHRML VS AUCO , ISA TYPE UNDESIG., BASED ON
NAT. BUR. OF STANDARDS PUB. UNPUB. WITH CALC. MULT. FACTOR OF 1.000.
GENERAL s LOT ANY o« USERS REFERENCE TEMPERATURE O, DEG. K

TEST DATE SEPTEMBER 1,60 BY POWELL,BUNCH

TEMP EMF DELEMF CE/OT TEMP EMF DELEMF DE/DT
DEG K MIC V MIC V MIC V/DGK DEG K MIC v MIC V MIC V/DGK

1 0.6 0.6 1.21C 41 758.3 31.7 31.930
2 2.4 1.8 2390 42 790.5 32.2 32.410
3 5.4 3.0 3.550 43 823.2 32.7 32.880
4 9.5 4.1 4.680 44 856.4 33.2 33.340
5 14.7 5.2 5.780 45 890C.0 33.6 33.790
6 21.0 6.3 6.860 46 924.0 34,0 34.240
1 28.4 T4 7.910 47 §58.4 34.4 34.680
8 36.8 8.4 8.940 48 993.2 34.8 35.110
9 46,2 9.4 S.940 49 1028.5 35.3 35.530
10 56.6 10.4 10.910 50 1064,2 35.7 35.940
11 68.0 11.4 11.860 51 1100.3 36.1 36.350
12 80.4 12.4 12.780 52 1136.8 36.5 36.750
13 93.7 13.3 13.670 53 1173.7 36.9 37.150
14 107.9 14.2 14.540 54 1211.0 37.3 37.540
15 123.0 15.1 15.390 55 1248.7 37.7 37.930
16 138.9 15.9 16.210 56 1286.8 38.1 38.310
17 155.6 16.7 17.010 57 1325.3 38.5 38.680
18 173.1 17.5 17.790 58 1364.2 38.9 39.040
19 191.4 18.3 18.560 59 1403.5 39.3 39.400
20 210.4 19.0 19.320 60 1443.1 39.6 39.750
21 230.1 19.7 20.060 61 1483.1 40.0 40.090
22 250.5 20.4 2C.780 62 1523.4 40.3 40.430
23 271.6 21.1 21.490 63 1564.0 40.6 40.760
24 293.4 21.8 22.180 64 1604.9 40.9 41.090
25 315.9 22.5 22.850 65 1646.1 41.2 41.410
26 339.1 23.2 23.510 66 1€87.6 4l1.5 41.720
27 363.0 23.9 24.150 67 1729.4 41.8 42.020
28 387.6 24.6 24.780 68 1771.5 42.1 42.320
29 412.8 25.2 25.390 69 1813.9 42.4 42.610
30 438.6 25.8 25.990 70 1856.6 42.7 42.890
31 464.9 26.3 26.580 71 1899.6 43,0 43,170
32 491.8 26.9 27.160 72 1942.9 43.3 43.440
33 519.3 27.5 27.730 73 1986.5 43.6 43.710
34 547.3 28.0 28,290 14 2030.4 43.9 43.980
35 575.9 28.6 28.84C 75 2074.6 44.2 44.240
36 605.0 29.1 29.380 76 2113.0 44.4 44.500
37 634.6 29.6 29.910 77 2163.7 44.7 44.760
38 664.7 30.1 30.430 78 2208.6 44.9 45.020
39 695.4 30.7 30.940 79 2253.8 45.2 45.270

40 T26.6 31.2 31.440 80 2299.2 45.4 45.520

*
¥




THERMOCOUPLE TABLE FOR CHRML

NAT. BUR.
GENERAL

TEMP
DEG K

81
82
83
84
85

86
87
88
89
30

91
92
93
94
95

96
97
98
99
100

101
102
103
104
105

106
107
108
109
110

111
112
113
114
115

116
117
118
119
120

OF STANDARDS PUB. UNPUB.

EMF
vIC V

2344.9
2390.8
2436.9
2483.3
2529.9

2576.8
2623.9
2671.2
2718.8
2766.6

281l4.6
2862.9
2911.4
2960.1
3009.0

3058.1
3107.4
3156.9
3206.6
3256.5

3306.5
3356.7
3407.1
3457.7
3508.5

3559.5
3610.6
3661.9
3713.4
3765.0

3816.8
3868.8
3920.9
3973.2
4025.6

4078.2
4130.9
4183.8
4236.8
4289,9

+ LOT ANY

TEST DATE SEPTEMBER 1,60

DELEMF
MIC V

45.7
45.9
46.1
46.4
46.6

46.9
47.1
47.3
47.6
47.8

48.0
48.3
48.5
48.7
48.9

49.1
49.3
49.5
49.7
49.9

50.0
50.2
50.4
5%.6
50.8

51.0
5.1
51.3
51.5
51.6

51.8
52.0
52.1
52.3
52.4

52.6
52.7
52.9
53.0
53.1

CE/DT

VS AUCO

MIC V/DGK

45.770
46.020
46.2170
46.510
46.750

46.990C
47.230
47.460
47.69C
47.920

48.140
48.360
48.580
48.790
48.99C

49.190
46.399
45.590
45.780
49.970

5C.160
50.340
5C.520
5C.7C0
5C.87¢C

51.040
51.210
51.380
51.550
51.710

51.870
52.030
52.190
52.350
52.500

52.650
52.800
52.950
53.090
53.230

s ISA TYPE UNDESIG.,
WITH CALC.
« USERS REFERENCE TEMPERATURE
BY POWELLBUNCH

TEMP
DEG K

121
122
123
124
125

126
127
128
129
130

131
132
133
134
135

136
137
138
139
140
141
142
143

144
145

146
147
148
149
150

151
152
153
154
155

156
157
158
159
160

MULT. FACTCR OF

EMF
MIC VvV

4343,2
4396.6
4450.2
4503.9
4557.8

4611.8
4665.9
4720.2
4774.6
4829.1

4883.7
4938.4
4G93.3
5048.3
5103.4

5158.6
5213.9
$5269.3
5324.8
5380.4

5436.2
5492.1
5548.1
5604.2
5660.4

ST16.7
5773.1
5829.6
5886.2
5G642.8

5999.5
6056.3
6113.2
6170.2
6227.3

6284.5
6341.8
6399.2
6456.7
6514.2

0.

DELEMF
MIC V

53.3
53.4
53.6
53.7
53.9

54.0
54.1
54.3
54.4
54.5

54.6
54.7
54.9
55.0
55.1

55.2
55.3
55.4
5545
55.6

55.8
55.9
56.0
56.1
56.2

56.3
56.4
5645
56.6
56.6

56.7
56.8
56.9
57.0
57.1

57.2
57.3
57.4
57.5
57.5

BASED ON

1.000.
DEG. K

DE/OT
MIC V/DGK

53.370
53.510
53.650
53.780
53.910

54.040
54.170
54.300
54.420
54.540

54.660
54.780
54.900
55.020
55.140

55.260
55.370
55.480
55.590
55.700

55.810
55.920
56.020
56.120
56.220

56.320
56,420
56.520
56.620
56.710

56.800
56.890
56.980
57.070
57.160

57.250
57.340
57.430
57.510
57.590




THERMCCOUPLE TARLE FOR CHRML
OF STANDARDS PUB.

NAT. BUR,
GENERAL

TEMP
DEG K

161
162
163
164
165

166
167
168
169
170

171
172
173
174
175

176
177
178
179
180

181
182
183
184
185

186
187
188
189
130

191
192
193
194
195

196
197
198
199
200

EMF
MIC V

6571.8
6629.5
6687.3
6745,.2
6803,1

6861,1
6919.2
697T.4
7035.7
7094.0

7152.4
7210.9
7269.4
7328.0
7386.7

7445.4
7504.2
7563.1
7622.0
7681.0

7740.1
7799,.3
7858.5
7917.8
79717.2

8036.6
8096.1
8155.7
8215.3
8275.0

8334.,7
8394,5
8454.4
8514.3
8574.3

8634.3
8694 .4
8754.6
88la.8
8875.1

» LOT ANY

TEST DATE SEPTEMBER 1,60

DELEMF
MIC v

57.6
57.7
57.8
57.9
57.9

58.0
58.1
58.2
58.3
58.3

58.4
5845
58.5
58.6
58.7

58.7
58.8
58.9
58.9
59.0

59.1
59.2
59.2
59.3
59.4

59.4
59.5
59.6
59.6
59.7

59.7
59.8
59.9
59.9
60.0

62.0
60.1
60.2
60.2
60.3

CE/DT

VS AUCO
UNPUB. WITH CALC.

MIC V/DGK

57.67C
57.750
57.830
57.910
57.990

58.07C
58.150
58.220
58,290
58.360

58.430
58.500
58.57C
58.640
58.710

58.780
58.850
58.920
58.99¢C
59.060

59.130
59.200
59.270
59.340
59.410

59.47C
59.530
56.59¢C
59.650
59.710

59.770
59.830
59.890
59.950
6C.010

60.070
60.130
60.18¢0
6C.23C
60.280

v+ ISA TYPE UNDESIG.,
MULT. FACTOR OF
» USERS REFERENCE TEMPERATURE 0.
BY POWELL,BUNCH

TEMP
DEG K

2C1
202
203
204
205

206
207
208
279
210

211
212
213
214
215

216
217
218
219
220

221
222
223
224
225

226
227
228
229
230

231
232
233
234
235

236
237
238
239
240

EMF
MIC Vv

8935.4
8995.8
GC56.2
9116.7
9177.2

9237.7
9298.3
9358.9
9419.6
948C.3

9541.1
9601.9
3662.8
9723.7
9784.7

9845.7
3906.8
9967.9
10029.0
10C92.2

10151.4
10212.7
10274.0
10335.4
10396.8

10458.2
10519.7
10581.2
10642.7
10704.3

10765.9
10827.5
10889.1
10950.8
11012.5

11C74.2
11136.0
11197.8
11259.6
11321.5

DELEMF
MIC V

60.3
60."
60.4
60.5
60.5

60.5
60.6
60.6
60.7
60.7

60.8
60.8
60.9
60.9
61.0

61.0
6l.1
61.1
6l.1
61.2

6l.2
61.3
61.3
6l.4
6l.4

6l.4
61.5
61.5
6l.5
6l.6

6l.6
61.6
61.6
6l.7
61.7

61.7
61.8
61.8
61.8
61l.9

BASED ON
1.000.
DEG. K

DE/DT
MIC V/DGK

60.330
60.380
60.430
60.480
60.530

60.580
60.630
60.680
60.730
60.780

60.820
60.860
60.900
60,950
60.990

61.030
61.070
6l1.110
61.150
61.190

61.230
61.270
61.310
61.350
61.390

61.430
61.470
61.510
61.540
61.570

61.600
61.630
61.670
61.700
61.730

61.760
61.790
61.820
61.850
61.880




THERMOCOUPLE TABLE FOR CHRML VS AUCO , ISA TYPE UNDESIG., BASED ON
NAT, BUR. CF STANDARDS PUB. UNPUB. WITH CALC. MULT. FACTCR OF 1.000C.
GENERAL s+ LOT ANY « USERS REFERENCE TEMPERATURE 0. DEG. K

TEST DATE SEPTEMBER 1,60 8Y POWELL,BUNCH

TEMP EMF DELEMF CE/OT TEMP EMF DELEMF DE/OT
BEG K MIC V. MIC V MIC V/DGK DEG K MIC v MIC VvV MIC V/DGK
241 11383.4 61.9 61.910
242 11445.3 6l.9 61.94C
243 11507.2 61.9 61.9170C
244 11569.2 62.0 62.C00
245 11631,2 62.0 62.C30
246 11693,2 62.0 62.060
247 11755.3 62.1 62.08C
248 11817.4 62.1 62.10C
249 11879.5 62.1 62.120
250 11941.6 62.1 62.140
251 12003.8 62.2 62.1690
252 12066.0 62.2 62.189
253 12128.2 62.2 62.200
254 12190.4 62.2 62.220
255 12252.6 62.2 62.24C
256 12314.9 62.3 62.260
257 123717.2 62.3 62.280
258 12439.5 62.3 62.30C
259 12501.8 62.3 62.320
260 12564.1 62.3 62.330
261 12626.4 62.3 62.340
262 12688.7 62.3 62.350
263 12751.0 62.3 62.360
264 12813.4 62.4 62.37C
265 12875.8 62.4 62.380
266 12938.2 62.4 62.390
267 13000.6 62.4 62.400
268 13063.0 62.4 62.410
269 13125.4 62.4 62.420
270 13187.8 62.4 62.430
271 13250.2 62.4 62.440
272 13312.6 62.4 62.450
273 13375.0 62.4 62.450
2T4  13437.4 62.4 62.450
275 13499.8 62.4 62.450C
276 13562.2 62.4 62.450
2717 13624.6 62.4 62.45C
278 13687.0 62.4 62.450
279 13749,.4 62.4 62.45C
280 113811.9 62.5 62.460




THERMOCOUPLE TABLE FOR CHRML VS AUCO , ISA TYPE UNDESIG., BASED ON
NAT. B8UR. OF STANDARDS PUB. UNPUB. WITH CALC. MULT. FACTCR OF 1.000.
GENERAL s LOT ANY o« USERS REFERENCE TEMPERATURE 0. DEG. C

TEST DATE SEPTEMBER 1,60 BY POWELL,BUNCH

TEMP EMF DELEMF CE/DT TEMP EMF DELEMF DE/DT
DEG C MIC v MIC V MIC Vv/DGC DEG C MIC v MIC V MIC v/DGC
=272 -13383.,6 c.8 1.388 ~232 -12621.3 31.7 32.003
=271 -13381.6 2.0 2.566 =231 -12589.0 32.3 32.481
=270 -13378.4 3.2 3.721 ~230 -12556.2 32.8 32.950
~269 -13374,1 4,3 4.846 -229 -12522.9 33.3 33.407
-268 -13368.8 5.3 5.944% =228 -12489.3 33.6 33.858
=267 -13362.3 6.5 7.019 =221 -12455.2 34.1 34.307
=266 -13354.8 T.5 8.066 =226 =12420.8 34.4 34,745
=265 ~13346,2 8.6 9.092 -225 -12385.9 34.9 35.174
=264 -13336.7 9.5 1C.C87 =224 -12350.5 35.4 35.591
=263 -13326.1 10.6 11.054 -223 -12314.8 35.7 36.002
=262 ~13314.6 11.5 12.000 -222 -12278.6 36.2 36.410
-261 -13302.0 12.6 12.915 =221 -12242.1 36.5 36.811
-260 -13288.6 13.4 13.802 -220 -12205.1 37.0 37.208
=259 -13274.2 14.4 14.669 =219 -12167.7 37.4 37.599
=258 -13259.0 15.2 15.514 -218 -12130.0 37.7 37.988
=257 -13243.0 16.0 16.331 =217 -12C91.8 38.2 38.366
=256 -13226.2 16.8 17.128 -216 -12053.3 38.5 38.734
=255 -13208.6 17.6 17.906 -215 -12014.3 39.0 39.095
~254 -13190.2 18.4 18.675 =214 -11674.9 39.4 39.453
=253 -13171.0 19.2 19.432 =213 -11935.3 39.6 39.801
=252 -13151.2 19.8 20.169 -212 -11895.2 40.1 40.142
=251 -13130.7 2C.5 20.888 =211 -11854.9 40.3 40.479
=250 -13109.5 21.2 21.595 -210 -11814.2 40.7 40.810
=249 -13087.6 21.9 22.281 -209 -11773.3 40.9 41.139
=248 -13065.0 22.6 22.950 -208 -11732.1 4l.2 41.457
=247 -13041.7 23.3 23.607 ~207 -11690.5 41.6 41.765
-246 -13017.7 24.0 24.246 ~206 -11648.7 41.8 42.066
=245 -12993.0 24,7 24.872 -205 -11606.5 42.2 42.364
=244 -12967.7 25.3 25.481 =204 -11564.1 42.4 42.652
-243 -12941.9 25.8 26.079 ~203 -11521.3 42.8 42.933
=242 -12915.5 2644 26.668 -202 -11478.3 43.0 43,210
=241 -12888.5 27.0C 27.246 =271 -11434.9 43.4 43.480
-240 -12860.9 21.6 27.815 -200 -11391.3 43.6 43,751
-239 -12832.8 28.1 28.373 =199 -11347.3 44.0 44.019
~238 -12804.1 28.7 28.922 -198 -11303.1 44.2 44,279
=237 -12775.0 29.1 29.460 =197 -11258.7 44.4 44.539
-236 -12745.3 29.7 29.989 =196 -11213.9 44.8 44,800
=235 -12715.1 30.2 3C.507 -195 -11169.0 44.9 45.057
~234 —12684.,3 30.8 31.016 ~194 -11123.8 45.2 45.307
=233 -12653.0 31.3 31.51¢4 -193 -11078.3 45.5 45.557

N
o
I
I
(%]




THERMOCOUPLE TABLE FOR CHRML VS AUCO o+ ISA TYPE UNDESIG., BASED ON
NAT. BUR. OF STANDARDS PUB. UNPUB, WITH CALC. MULT. FACTCR OF 1.00C.
GENERAL s LOT ANY « USERS REFERENCE TEMPERATURE 0. DEG. C

TEST DATE SEPTEMBER 1,60 BY POWELL,BUNCH
TEMP EMF DELEMF CE/DT TEMP EMF DELEMF DE/DY

DEG C MIC V MIC V MIC v/0GC DEG C MIC vV MIC V MIC V/DGC

-192 ~-11032.6 45,7 45.807 ~152 -9033.,2 53.3 53.391

-191 -10986.7 45.9 46.058 -151 -8979.7 53.5 53.532

-190 -10940.5 46.2 46.306 -150 -8G26.1 53.6 53.669

-189 -10894.1 46.4 46.546 -149 -8872.4 53.7 53.799
-188 -10847.4 46.7 46.1786 ~148 -8818.5 53.9 53.929

-187 -10800.5 46.9 47.027 -147 -8764.5 54,0 54,059

-186 -10753.4 47.1 47,264 ~146 -8710.3 54,2 54.190

-185 -10706.0 4T.4 47.494 =145 -8656.0 54.3 54.318

-184 -10658.4 47.6 47.725 -144 -8601.6 S4.4 54,438

-183 -10610.6 47.8 47.953 -143 -8547,.1 54.5 54.558

~-182 -10562.5 48,1 48,173 -142 -8492.5 54.6 54.678

-181 -10514.2 48.3 48.394 -141 -8437.7 54.8 54.798

-180 -10465.7 48.5 48,612 -140 -3382.8 54.9 54.918

-179 -10416.9 48.8 48.820 =139 -8327.8 55.0 55.038

-178 ~-10368.0 48.9 49,020 -138 -8272.7 5561 55.159

-177 ~-10318.9 49.1 45,220 =137 -8217.5 55.2 55.276

~176 -10269.5 49 .4 49.421 -136 -8162.2 5543 55.386

-175 -10220.0 49.5 49.618 -135 -8106.7 55.5 55.496

-174 -10170.3  49.7 49.808 ~-134 -8051.2 55.5 55.606

-173 -10120.4 49.9 49,999 ~133 -7995.6 55.6 55.716

-172 -10070.3 50.1 5C.187 -132 -7939.8 55.8 55.827

-171 -10020.1 50.2 5C.367 -131 -7883.9 55.9 55.935

-170 -9969.7 50.4 50.548 -130 -7827.9 56.0 56.035

-169 -9919.1 50.6 50.725 -129 -77171.7 56.2 56.135

-168 -9868.,2 50.9 50.895 -128 -7715.5 5642 56.235

-167 -9817.2 51.0 51.065 -127 -7659.2 56.3 56.335

-166 -9766.1 51.1 51.235 -126 -7602.8 56.4 56.435

-165 -9714.7 51.4 51.406 -125 -7546.3 56.5 56.536

-164 -9663,2 51.5 51.574 -124 ~7489.7 56.6 56.633

-163 -9611.6 51.6 51.734 -123 -7433.1 56.6 56.723

-162 -9559.8 51.8 51.894 -122 -7376.3 56.8 56.813

-161 -9507.8 52.0 52.054 -121 -7319.5 56.8 56.903

=160 -9455,6 52.2 52.215 -120 -7262.6 56.9 56.993

-159 -9403.3 52.3 52.372 -119 -7205.6 57.0 57.083

-158 -9350.9 52.4 52.522 -118 -7148.5 57.1 57.173

-157 -9298.3 52.6 52.672 -117 -7C91.3 57.2 57.263

=155 -9192.6 52.9 52.971 -115 -6976.5 57.5 5ST.442

-154 -9139.,6 53.0 53.111 ~114 -6619.0 57.5 57.522

=153 -9086.5 53.1 53.251 -113 -6861.5 57.5 57.602




THERMOCOUPLE TABLE FOR CHRML VS AUCO , ISA TYPE UNDESIG., BASED ON
NAT. BUR. OF STANDARDS PUB. UNPUB. WITH CALC. MULT. FACTOR OF 1.000.
GENERAL y LOT ANY « USERS REFERENCE TEMPERATURE 0. DEG. C

TEST DATE SEPTEMBER 1,60 BY POWELL,BUNCH

TEMP EMF DELEMF DE/DT TEMP EMF DELEMF DE/DTY
DEG C MIC v MIC V MIC Vv/0GC DEG C MIC V MIC V MIC v/DGC
-112 -6803.9 57.6 57.682 -72 -4439.9 60.3 60.337
=111 -6746.2 57.7 57.762 -71 =-4379.5 60.4 60.387
=110 -6688.4 57.8 57.842 =70 -4319.1 60.4 60.437
-109 -6630.5 57.9 57.922 -69 -4258.6 60.5 60.487
-108 -6572.6 57.9 58.002 -68 ~4198.1 60.5 60.537
=107 -6514.6 58.0 58.083 -67 -4137.6 60.5 60.587
-106 -6456.4 58.2 58.160 =66 ~4017.0 60.6 60.637
-105 -6398.2 58.2 58.230 -65 -4Cl6.4 60.6 60.687
~104 -6339.9 58.3 58,300 ~64 -3955.7 60.7 60.738
=103 -6281.6 58.3 58.370 -63 -3894.9 60.8 60.786
=102 -6223.2 58.4 58.440 -62 -3834.1 60.8 60.826
-101 -6164.7 58.5 58.510 ~61 -3773.3 60.8 60.865
~-100 -6106.2 58.5 58.58¢C =60 =-3712.4 60.9 60.908
=99 -6047.6 58.6 58.650 ~-59 -3651.5 60.9 60.956
-98 -5988.9 58.7 58.720 =58 -3590.5 6l1.0 60.996
=97 -5930.1 58.8 58,790 =57 -3529.5 61.0 61.036
-96 -5871.3 58.48 58.860 =56 ~3468.4 6l.1 61.076
-95 -5812.4 58.9 58.930 =55 -3407.3 6l.1 6l.116
-94 -5753.5 58.9 59.000C -54 =3346.2 6l.1 61.156
=93 -5694.5 59.0 59.070 -53 -3285.0 61.2 61.196
=92 -5635.4 59.1 59.140 =52 -3223.8 6l1.2 61.236
-91 -5576.2 59,2 59.2190 =51 -3162.5 6l1.3 61.276
-90 -5517.0 59.2 55.280 -50 -3101.1 6l.4 61.316
-89 -5457.6 59.4 59.351 -49 -3039.7 6l.4 61.356
~-88 -5398.3 59.3 59.419 =48 -2978.4 61.3 61.396
-87 -5338.8 59.5 59.479 -47 -2916.9 61.5 61.436
-86 -5279.3 59.5 59.539 =46 -2855.4 6l1.5 61.477
-85 -5219.7 59.6 59.599 =45 -2793.9 6l1.5 6l1.514
-84 -5160.1 59.6 59.659 ~44 =27132.4 61.5 61.544
-83 -5100.4 59.7 59.719 =43 -2670.8 61.6 61.574
~-82 -5040.7 59.7 59.779 —42 -2609.2 6l1.6 61.604
-81 -4980.9 59.8 59.839 =41 -2547.6 6l.6 61.637
-80 -4921.0 59.9 59.899 -40 -2486.0 6l.6 61.674
=79 -4861.1 59.9 59.959 -39 -2424.3 6l.7 61.704
-78 -4801.1 60.0 60.019 ~38 ~2362.6 6l1.7 61.734
~77 -4741.1 60.0 6C.080 -37 -2300.9 61.7 61.764
-76 -4680.9 60.2 6C.137 =36 =2239.1 6l1.8 61.794
=75 -4620.7 60.2 6C.187 -35 ~-2177.3 61l.8 61.824
~T4 -4560.5 60.2 60.237 ~34 ~2115.5 6l1.8 61.854
=73 -4500.2 60.3 6C.287 -33 -2053.6 61.9 61.884

>
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THERMOCOUPLE TABLE FOR CHRML VS AUCO , [SA TYPE UNDESIG., BASED ON
NAT. BUR. OF STANDARDS PUB. UNPUB. WITH CALC. MULT. FACTCR OF 1.006.
GENERAL » LOT ANY « USERS REFERENCE TEMPERATURE 0. DEG. C

TEST DATE SEPTEMBER 1,60 BY POWELLBUNCH

TEMP EMF DELEMF DE/DT TEMP EMF DELEMF DE/DT
DEG C MIC V MIC V MIC Vv/DGC DEG C MIC vV MIC V MIC V/DGC

-32 -1991.7 61.9 61.914
-31 -1929.8 61.9 61.944
-30 -1867.9 61.9 61.974
-29 -1805.9 62.0 62.004
-28 -1743.9 62.0 62.035
-27 -1681.8 62.1 62.063
-26 -1619.,7 62.1 62.083
-25 -1557.6 62.1 62.103
-24 -1495.6 62.0 62.123
=23 -1433.4 62.2 62.143
=22 -~1371.2 62.2 62.163
=21 -1309.0 62.2 62.183
=20 -~1246.8 62.2 62.2C3
-19 -1184.6 62.2 62,223
-18 -1122.4 62.2 62.243
=17 -1060.1 62.3 62.263
-16 -997.8 62.3 62.283
""15 -935.5 62.3 62030"
-14 -873.2 62.3 62.321
-13 -810.9 62.3 62.331
-12 ~-748,.6 62.3 62.341
-11 -686.3 62.3 62.351
-10 ~624.0 62.3 62.361
-9 -561.6 62.4 62.371
-8 -499,2 62.4 62.381
-7 ~436,8 62.4 62.391
-6 =-374.4 62.4 62.401
-5 -312.0 62.4 62.411
-4 -249.6 62.4 62.421
-3 -187.2 62.4 62.431
-2 -12408 620‘1’ 62.4"2
-1 -62.4 62.4 62.450
-0 0.0 62.3 62.450
1 62.4 62.4 62.450

2 124.8 62.4 62.450

3 187.2 62.4 62.450

4 249.6 62.4 62.450

5 312.0 62.4 62.449

6 374.4 62.4 62.451




THERMOCOUPLE TABLL FOR FE (J)
NAT. BUR.
GENERAL

TEMP
DEG K

Ul P W N e

CF STANDARDS PUB. R-258

’

LCT ANY

VS CONST.,

TLST DATE SEPTEMBER 1,60

EMF
MIC v

0.32
0.88
1.80
3.06
4.65

6.57
8.80
11.33
l4.16
17.28

20.67
24.34
28.28
32.48
36.94

41.66
46.63
51.85
57.32
63.03

68.99
75.20
8l.64
88.31
95.22

1o2.4
109.9
117.7
125.8

134.2

142.8
151.7
16C.9
170.4
180.2

190.2
20J.5
211.1
222.0
233.2

CELEMF
MIC Vv

0.32
J.56
0'92
1.26
1.59

1.92
2.23
2.53
2.83
3.12

3.39
3.67
3.94
4.20
4.46

4.72
4,97
5.22
5.47
5.71

5.96
6.21
6.44
6.617
6.91

CE/DT

MIC V/DGK

C.376
C.740
1.091
1.430
1.758

2.C16
2.384
2.€83
2.974
3.2517

3.534
3.805
4.C70
44330
4.586

4,839
5.C9)
5341
5.593
S.E46

€.101
€.258
€.617
€.E79
T.146

7.418
1.636
7.9838
8.270
84560

€.850
S.140
3.43)
5.720
1C.0C1?

10.293
IC.570
10.850
11.139
11.419

TEMP

DEG K

41
42
43
44
45

46
47
48
49
50

51
52
53
54
55

56
57
58
59
60

61
62
63
64
65

66
67
68
€9
70

71
72
73
74
75

76
77
78
79
8C

ISA TYPE JP-UN ’
WITH CALC,

BASED ON

MULT. FACTCR OF 1.0C000.
. USERS REFERENCE TEMPERATURE 0.
BY POWELL,BUNCH

EMF
MIC Vv

244.7
256.5
268.6
281.0
293.7

306.7
320.0
333.6
347.5
361.7

376.2
391.0
4C6.2
421.7
437.5

453.6
470.0
486.7
503.7
521.0

538.7
556.7
575.0
593.6
612.5

631.7
651.2
671.0
691.1
711.5

7132.2
7153.2
7174.5
796.1
817.9

840G.0
862.4
885.1
308.1
931.4

DELEMF
MIC v

11.5
11.8
12.1
12.4
12.7

13.0
13.3
13.6

13.9

14.2

14.5
14.8
15.2
15.5
15.8

16.1
16.4
16.7
17.6
17.3

17.7
18.C
18.3
18.6
18.9

19.2
19.5
19.8
20.1
20.4

20,7
21.0
21.3
21.6
21.8

22.1
22.4
22.7
23.0
23.3

DEG. K

DE/DT

MIC V/OGKk

11.690
11.970
12.260
12.56¢

12.860

13.160
13.460
13.760
14.060
14.360

14.670
14.980
15.290
15.600
15.910

16.220
16.530
16.840
17.160
17.480

17.800
18.120
18.440
18.760
19.C70

19.370
19.670
19.960
20.25¢Q

20.540

20.830
21.110
21.390
21.670
21.950

22.23¢C
22.510
22.790
23.07¢
23.350



-~~~ “THERMOCOUPLE TABLE FOR FE 1JY VS CONST., ISA TYPE JP=JN 7, BASED UON
NAT. BUR. GF STANDARDS PUB. R-258 WITH CALC. MULT. FACTCR OF 1.0C000.
GENERAL y LOT ANY .« USERS REFERENCE TEMPERATURE O. DEG. K

TEST DATE SEPTEMBER 1,60 BY POWELL,BUNCH

TEMP EMF . DELEMF ~DE/OT_ TEMP EMF DELEMF DE/OT
TTDEG K MIC VT MIC vV MIC V/DGK DEG K~ "MIC V MIC V MIC V/DGK
81 954.9 23.5 23.630 121 2100.6 33.0 32.990
82 978.7 23.8 23.610 122 2133,8 33.2 33,190
83 1002.8  24.1 24,190 123 2167.2 33.4 33.390
84 1027.2 24.4  24.460 124 2200.8 33.6 33,590
85 1051.8 24.6 24.730 125  2234.6 33.8 33,790
86 1076.7 24.9 24.990 126 2268.6 34,0 33,990
87 1101.9 2542 25.250 127 2302.8 34.2 34,190
88 1127.3  25.4 25.510 128 2337.2 34.4 34.390
89 1153.0  25.7 S 25.770 129  2371.8  34.6 34.590
90 1179.6  26.0 26.C39 130 2406.5 34,7 34,790
91 1205.2 2642 26.290 131 2441 .4 34.9 34.990
92 1231.7  26.5 26.550 132 2476.5 35.1 35.190
93 1258.4  26.7 26.810 133 2511.8 35.3 35.390
94 1285.4  27.0 27.C70 134 2547.3  35.5 35.580
95 1312.6 27.2  271.330 T 135 2582.9 35,6 35.770
96 1340.1 27.5 27.590 136 2618.7 35.8 35.960
97 1367.9 27.8 27.840 137 2654.7 36.0 36.140
98 1395.9  28.0 28.C90 . 138 269C.9 36.2 36.310
99 1424.1 28.2 28.330 139 2727.3 36.4 36.470
100 1452.5 28.4 28.560 140 2763.8 36.5  36.630
101 1481.2 28.7 28.780 141 2800.5 36.7 36.790
102 1510.1 28.9 26.000 142 2837.3 36.8 36.950
103 1539.2 29.1 25.220 143 2874.3 37.C 37.110
104 1568.5 29.3 25.440 144 2911.5 37.2 37.270
7105 1598.1 29.6 25.660 145 2948.8 37.3  37.430
106 1627.9 29.8 26.880 146 2986.3 37.5 37.590
107 1657.9 30.6G 3C.100 147 3024.0 37.7 37.750
108 1688.1 30.2 3C.220 148 3061.8 37.8 37.910
109 1718.5  30.4 30.540 149 3099.8 38.0  38.070
110 1749.2 30.7 3C.769 150 3137.9 38.1 38.230
111 178C.1 30.9 3€.980 151 3176.2 38.3 38.380
112 1811.2 31.1 31.190 152 3214.7 38.5 38.530
113 1842.5 31.3 31.390 153 3253.3 38.6 38.680
114 1874.C 31.5 31.590 154 3292.0 38.7  38.830
115 19C5.7 31.7 31.790 155 333C.9 38.9 38.980
116 1937.6 31.9 31.990 156 3370.0 39.1 39.130
117 1969.8 32.2 32.190 157 3409.2 39,2 39.280
118 2002,2 32.4 32.390 158 3448.5 39.3 39.430
119 2034.8 32.6 32.590 159 3488.0 39.5 39.570
129 2067.6 32.8 32,790 160 3527.6 39.6 39,710




-~ THERMOCOUPLE TABLE FOR FE {JY VS CONST., ISA TYPE JP=JN ~, BASED ON
NAT. BUR. CF STANDARDS PUB. R-258 WITH CALC. MULT. FACTCR OF 1.00000.
GENERAL » LCT ANY ., USERS REFERENCE TEMPERATURE 0. DEG. K

TEST DATE SEPTEMBER 1,60 BY POWELL,BUNCH

__TEMP EMF  DELEMF _DE/DT ~TEMP  EMF  DELEMF DE/DT
DEG K  MIC V MIC V  MIC V/DGK  DEG K MIC vV MIC V MIC V/DGK
161 3567.3 39,7 39.840 201 5263.7 44,7 44,680
162 3607.2 39,9 39.970 202 5308.5 44,8 44,780
163 3647.2 40.0 40.100 203 5353,4 44,9 44,880

. 3687.4 40.2  4C.z230 204 5398.4  45.0  44.980

165 3727.7 40,3 4C.360 205 5443,5 45.1 45.080

166 3768.1 40.4 4044990 206 5488.7 45,2 45,180

167 3808.7 40.6 4C.620 207 5534.0 45.3 45,280

168 3849.4 40.7 4C.750 208 5579.4 45.4 45.380

169 3890.2 40.8 4C.880 _ 209 5624.9 45.5  45.480

170 3931.2 41.0 41.C10 210 5670.5 45,6 45.580

171 3972.3 41.1 41.140 211 5716.2 45,7 45,690

172 4013.6 41.3 41.270 212 5762.0 45,8 45,800

173 4055.0 41.4 41.400 213 5807.9 45.9 45,910

174 4096.5 41,5 41.530 214 5853.9  46.0  46.020

T 1757 "4138,2 41,7 41.660 215 5900.0  46.1 46.130

176 4180.0 41.8 41.790 216 5946 ,2 46.2 46,240

177 4222,0 42,0 41.520 217 5992 .4 46,2 46.350

178 4264,1 42,1 42.C50 218 6038.7 46,3 46,460

179 4306.3 42,2 42,180 219 6085.1 46,4 46,560

"TT180 T 4348.6 42,3 42,310 220 6131.6 46.5 T 46,660

181 4391,0 42 .4 42,440 221 6178.2 46.6 46.760

182 4433,6 42,6 42.560 222 6224.9 46.7 46.860

183 4476.3 42,7 42.680 223 6271.7 46.8 46.950

184 4519,1 42.8 42.800 224 6318.6 46,9 47,040
TTTTLBS T 4562.0 42.9 42.920 "225 6365.6 47.C° TTRT130

186 4605.0 43.C 43,040 226 6412.7 47.1 47,210

187 4648,2 43,2 43,169 227 6459,9 47.2 47.290

188 4691.5 43,3 43,280 228 6507.2 47.3 47.370

189 4734,9 43,4 43,4900 229 6554.6  4T.4  47.450
190 4778.4 43,5 43,529 230 6602.1 47.5  47.520

191 4822.0 43,6 43,30 231 6645,7 47.6 47.590

192 4865, 7 43,7 43,7490 232 6697.3 47.6 47.650

193 4909,5 43,8 43,850 233 6745.0 47.7 47.700

194 4553, 4 43,9 43,960 234 6792.8 47.8 47.750
195 4697.4 44,0 44,C79 2135 684C.7 47.9  47.800

196 5041.5 44,1 44,1890 236 6888.7 48.0 47.850

197 5C85.7 44,2 44,280 237 6936.7  48.0C 47.900

198 5130.0 44,3 44,380 238 6984 .8 48.1 47.950

199 5174.4 44,4 44,480 239 7033,0 48.2 48.010

200 5219.0 44,6 44,580 240 7081.2 48,2 48.070

>
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THERMOCOUPLE TABLE FOR FE (J) VS CONST.,

NAT. BUR.
GENERAL

TEMP
CEG K

241
242
243
244
245

246
2417
248
249
250

251
252
253
254
255

256
257
258
259
260

261
262
263
264
- 265

266
267
268
269
270

271
272
273
274
275

276
2717
278
279
280

CF STANDARDS PUB. R-258

EMF
MIC V

7129.5
7177.8
1226.2
1274.6
7323.1

7371.7
7420.3
T469.C
7517.8
1566.7

7615.7
1664.8
1713.9
7763.1
7812.4

7861.8
7911.3
71961.0
8C10.9
8C60U .9

8111.C
8161.2
8211.5
8261.9
8312.4

8363.1
8414.0
8465.1
8516.4
8567.9

B619.5
B6T1.3
8723.3
8775.5
8827.9

8880.4
8933.0
H985.7
9C38.5
9C91.4

y LCT ANY

TEST DATE SEPTEMBER 1,69

DELEMF
MIC Vv

48.3
"8.3
48.4
48.4
"8‘5

48.6
48.6
48.7
48,8
48.9

49.0
49.1
49.1
49.2
49.3

49.4
49.5
49.7
49.9
50.30

CE/DT
MIC V/0OGK

48,130
48,19
48.2590
48.320
48.390

48.479
48.560
48.650
48.759
48.857

48.969
4G6.C72
45.180
46,300
4G6.42C

4S.540
4G.€60
46.780
4G6.900
5C.C20

5C.140
5C.250
5C.360
5C.480
SC.€12

5C.750
5C.890
51.840
51.190
51.240

51.49C
51.€40
51.780
51.€20
52.060

52.200
52.340
52.482
52.€20
52.160

WwITH CALC.

TEMP
DEG K

1SA TYPE JP-JN ’

BASED ON

YULT. FACTCR OF 1.00000.
« USERS REFERENCE TEMPERATURE 0.

EMF
MIC Vv

BY POWELL,BUNCH

DELEMF
MIC V

DEG. K

. DE/DY__
MiC V7/DGK



THERMOCOUPLE TAELE FOR FE (J) VS CONST., ISA TYPE JFP-JN »+ BASET CN
NAT. BUR. CF STANDARDS PUB, R-258 WITH CALC. MULT. FACTCR OF 1.0C000.
GENERAL » LOT ANY . USERS REFERENCE TEMPERATURE 0. DEG. C

TEST DATE SEPTENBER 1,60 BY POWELL,BUNCH

TEMP EMF DELEMF CE/DT TEMP EMF  DELEMF  DE/DT
CEG C MIC vV MIC V MIC V/DGC DEG C MIC Vv MIC V MIC V/DGC
=272 =-873C.74 0.38 C.431 -232 ~8484.7 11.5 11.731
~271 -8730.12 0,62 C.793 -231 ~-8472.8 11.9 12,013
=270 -8729.15 0.97 1.143 -230 -846C.7 12.1 12.305
~269 -8727.84 1.31 1.480 -229 -B448,2 12.5  12.605
-268 =8726.20 l.64 1.806 -228 -8435.5 12.7 12.905
=267 -8724.23 1.97 2.123 =227 -8422.4 13.1 13.205
-266 ~8721.96 2.27 2.429 -226 -8406.1 13,3 13.505
-265 -8719,38 2.58 2.727 -225 -8395,5 13.6 13.805
-264 -8716.51 2.87 3.C17 -224 -8381.5 14.0 14.104
-263 -8713.35 3.16 3.299 -223 ~8367.3 14,2 14.406
-262 -8709.91 3.44 3.575 -222 ~8352.7 14.6 14.717
-261 -=8706.20 3,71 3.845 -221 -8337.9 14.8 15.626
-260 -8702.22 3.98 4,109 -220 -8322.6 15.3 15.336
-259 -8697.98 4,24 4.369 -219 -8307.1 15.5 15.646
-258 -8693,49 4.49 4,624 -218 -8291.2 15.9 15.956
-257 -8688.73 4,76 4,877 =217 -8275.1 16.1 16.266
~-256 -8683,72 5.01 5.128 -216 -8258.6 16.5 16.576
-255 -B8678.46 5.26 5.379 -215 -8241.9 16.7 16.888
~254 -8672.96 5.50 5.631 -214 -8224.8 17.1 17.208
-253 -8667.21 5.75 £.884 -213 -8207.5 17.3 17.528
-252 -8661.21 6.0 €.139 =212 -8189.7 17.8 17.848
-251 -8654,97 624 €.397 -211 -8171.7 18.C 18.168
=250 -8648.49 6.48 £.656 -210 -8153.3 18.4 18.489
-249 -8641.79 6.70 €.519 -209 -8134.7 18.6 18.807
-248 -8634,.84 6.95 7.186 -208 -8115.8 18.6 19.115
=247 -862T7.¢ 7.2 7.459 -297 -8096.5 19.3 19.416
-246 -8620.1 7.5 7.738 -216 -8077.0 19.5 19.713
-245 -8612.2 7.9 8.C23 -295 -8C57.1 19.9 20.003
~244 -8604.1 8.1 £.314 ~-204 -8037.9 20.1 20.294
-243 -8595,¢ 8.5 8.603 -203 -8016.5 20.5 20.584
-242 -8587.0 8.6 2.893 -202 -7995,.8 2C.7 20.872
-241 -8578.1 8.9 5.184 =221 ~7974.7 21.1 21.152
-240 -8568.8 9.3 9,474 -200 ~-7353.4 21.3 21,432
-239 -8559,3% 9.5 S.764 -199 -7931.8 21.6 21.712
-238 -8549,4 9.9 1C.052 -198 -7929.9 21.9 21.992
=237 =-8539.4 1¢.0 1C.332 -197 -7887.8 22.1 22.272
=236 ~8529.0 .4 1G.£612 -196 ~7865.3 22.5 22.552
-235%5 -8518.4 10.6 16.892 -195% ~-7842.6 22.7 22.832
-234 -8507.5 10.9 114172 -194 -7819.5 23.1 23.112
-233 -8496.2 11.3 11,452 -193 -7796.2 23.3 23.392




THERMOCOUPLE TABLE FOR FE (J) VS CONST.»
CF STANDARDS PUB.

NAT. BUR.
GENERAL

TEMP CMF

DEG C MIC V
-192 -=7772.7
-191 -7748.8
=190 =-1724.7
-189 -7700,2
-188 -7675.6
-187 -7650.6
-186 -7625.4
-185 =7600.0
-184 -7574.2
-183 -17548.2
-182 -7522.C
-181 -7495.4
-180 -7468.7
-179 -7441.7
-178 -T741l4.4
-177 -7386.9
-176 =-7359.0
-175 -7331.¢C
-174 -7302.8
~-173 -=-7274.3
-172 -7245.6
~-171 -=7216.7
-170 -7187.5
-169 -7158.2
-168 -7128.¢6
-167 -7098.7
-166 -7C68.7
-165 -7038.5
-164 -7C28.C
-163 -6977.3
=162 -6946.4
-161 -6915.2
-160 -€883.9
159 -6852.4
~-158 -682G.7
-157T -67188.7
=156 -6756.5
~155 =6724.0
~-154 -6€91.4
-153 -6658.¢6

s LCT

TEST DATE SEPTEMBER 1,60

DELEM
MIC V

ANY

F

R-258

CE/DT

MIC Vv/DGC

2.672
23.653
24.230
24.501
24,769

25.029
25.289
25.549
25.8C9
2€.C69

2€.329
2€6.589
26.849
27.1089
27.279

27.€28
27.878
2€.127
28.365
28.593

28.€13
25.033
26.253
26.4173
26.€93

23.913
3C.133
3C.353
3C.573
3C.794

31.012
31.220
31.420
21.620
31.€20

32.020
32.229
32.42C
32.€2C
32.82¢

WITH CALC.

TEMP
DEG C

=152
-151
~150
-149
-148

-147
-146
-145
-144
~143

=142
-141
-140
-139
~-138

-137
-136
=135
-134
-133

-132
-131
-130
-129
-128

-127
-126
-125
-124
-123

=122
=121
-120
-119
-118

-117
~116
-115
-114
-113

A-54

MULT.

EMF
MIC ¥V

-6625.5
-6592.3
-6558.9
—6525.3
—6‘091.4

~6457.4
-6423.2
-6388.7
-6354.1
-6319.4

-6284.5
-6249.3
-621400
-6178.5
-61"209

-6107.0
-6071.0
-6C34.8
-5998.4
-5961.8

—5925-1
-5888.3
-581‘000
-5776.7

-5739.2
-570105
-5663.6
-5625.6
-5587.5

‘554901
-5510.6
_5472 .0
-5433.3
-5394.4

-5355.2
‘5316.0
-5276.7
-5237.2
-5197.6

ISA TYPE JP-JN ’

0.

DELEMF
MIC V

33.1
33.2
33.4
33.6
33.9

34.0
34,2
34,5
34.6
34,7

34.9
35.2
35.3
35.5
35.6

35.9
36.0
36.2
36.4
36.6

36.7
36.8
37.1
37.2
37.3

37.5
37.7
37.9
38.C
38.1

38.4
38.5
38.6
38.7
38.9

39.2
39.2
39.3
39.5
39.6

BASECD ON
FACTCR QOF 1.00000.
o USERS REFERENCE TEMPERATURE
RY POWELL,BUNCH

DEG. C

DE/DT

‘MIC V/DGC

33.020
33.220
33.420
33,620
33.820

34,020
34,220
34.420
34,620
34,820

35.020
35.221
35.418
35.609
35.799

35,988
36.166
36.334
36.494
36.654%

36.814
36.974
37.134
37.294
37.454

37.614
37.774
37.934
38.095
38.252

38.402
38.552
38.702
38.852
39,002

39.152
39.303
39,451
39,592
39.729




THERMGCCUPLE TABLE FOR FE (J) VS CONST., ISA TYPE JP-JN sy BASED TN~

NAT. BUR. CF STANDARDS PUB. R-258 WITH CALC. MULT. FACTCR OF 1.00000.

GENERAL » LOT ANY . USERS REFERENCE TEMPERATURE O, DEG. €
TCST DATE SEPTEMBER 1,60 BY POWELL,BUNCH

TEMP EMF DELEMF DE/DT TEMP EMF DELEMF DE/DT
DEG C MIC V MIC V MIC V/DGC DEG C MIC V MIC V MIC V/DGC
-112 -5157.8 39,8 36,£59 -72 ~3460.7 44,7 44,695
~111 -5117.9 39,9 35.990 -T1 -3415.9 44.8 44,795
-110 =5077.9 40,0 4C.119 -70 -3371.0 44,9 44,895
-109 =-5C37.7 40.2 4G.249 -69 -3326.0 45.C 44.995
-108 =~4997.4 40,3 4C.379 -68 -328C.8 45,2 45,095
-107 -4956.9 40,5 4C.510 -67 -=3235.6 45,2 45.195
-106 -4916.3 49,6 4C.649 -66 -3190.3 45,3 45,295
-105 -4875.6 40,7 40.770 -65 -3144.9 45.4 45,395
-104 -4834.8 4C.8 4C,.899 -64 -3099.4 45.5  45.494
=103 -4793.8 41.0 41.030 -63 -3053,.8 45,6 45.596
~102 -4752.6 41.2 41,159 -62 -3008.1 45,7 45,707
-101 -4711.3 41.3 41.289 -51 -2962.2 45.9 45.816
-100 -4669.9 41.4 41.419 -60 -2916.3 45,9 45.926
~99  -4628.4 41.5 41.549 -59 -2870.3 46.0  46.036
-98 -4586.7 41.7 41.682 -58 -2824.2 46.1 46,147
-97 =-4544.8 41.9 41.809 -57 =2778.0 4642 46.256
-96 -4502,.8 42,9 41.939 -56 -2731.8 46,2 46,367
-95  ~4460.7 42.1 42.C69 -55 -2685.5 46.3 46.475
-94 -4418.5 42,2 42.200 -54 -2639.0 46,5 46,5175
-93 -4376.2 42,3 42,330 -53 -2592.5 46.5 46,675
-92 -4333.7 42,5 42.458 -52 -2545.9 46.6 46.776
-91 =-4291.1 42.6 42,578 -z1 -2499.2 46.7 46,873
-90 -4248.4 42.7 42,698 -50 -2452.4 46,8 46.964
-89 =-4255.6 42.8 42.€18 -49 -2405,5 46.9 47.054
-88 -4162.7 42.9 42.<38 -43 -2358,.5 47.0 47.142°
-87 -4119.6 43,1 43,058 -47 -2311.3 47.2 47,222
-86 -4076.4 43,2 43.178 -46 -2264,1 47.2 47.302
-85 -4033,1 43,3 43,298 -45 -2216.8 47.3 47.383
-84 -13989,7 43.4 43.419 -44 -2169.4 47 .4 47.460
-83 -3946,2 43.5 43,536 -43 -2121.9 47.5 47.531
-82 -3902.6 43,6 43,646 -42 -2074.3 47.6 47.600
-81 -3858.9 43,7 43,756 ~-41 -2026.7 47.6 47.657
-80 -3815.0 43,9 43,866 -490 -1979.0 47.7 47.707
-79 -3771.1 43,9 43,976 -39 -1931.1 47.9 47.757
-78 -3727.1 44,0 44 ,C87 -38 -1883.2 47.9 47.807
~77 -3683.0C 44,1 44,195 -37 -1835,2 48.C 47.857
-76 -3638.8 44,2 44,295 -36 -1787.2 48,0 47.507
-75 =3594,5 44,3 44,395 -35 -1739,1 48,1 47.959
-74 =3550.0 44,5 44,495 -34 -1690.9 48,2 48,019
=73 -3505.4 44,6 44,595 S -33 ~1642.7 48,2 48,0179

3>
1

o
(8,1




THERMOCOUPLE TABLE FOR FE (J) VS CONST., ISA TYPE JP-JN , BASED ON~

NAT. BUR. OF STANDARDS PUB. R-258 WITH CALC. MULT. FACTCR OF 1.00000.
GENERAL » LOT ANY . USERS REFERENCE TEMPERATURE 0. DEG. C
TEST DATE SEPTEMBER 1,60 BY POWELL,BUNCH
TEMP EMF  DELEMF CE/DT TEMP  EMF  DELEMF _ DE/DT
DEG C MIC v MIC V MIC V/DGC CEG C MIC v MIC V MIC Vv/DGC

~32 -1594.4 48.3 48,139
-31 -1546.1 48.3 48,198
=30 -1497.7 48.4 48,261
=29 -1449.2 48.5 48.330
=28 -1400.7 48.5 48.401
=27 -1352.1 48.6 48.484
-26 -1303.5 4846 48,573
=25 -1254.8 48,7 48.665
=24 -1206.C 48.8 48,764
=23 -1157.1 48.9 48.867
-22 -1108.1 49,0 48.G77
=21 -1¢59.¢C 49.1 4G,.(86
=20 -1009.4 49.2 45,198
-19 -96C.6 49,2 4G6.318
-18 -3911.3 4943 45.438
-17 -861.9 49.4 46.558
-15 ~-7624.6 49.8 45,798
~-14 -712.7 49.9 46,618
-13 -662.17 5C.0 5.039
-12 -612.6 5.1 5C.157
-11 -562.4 50.2 5C.c66
-10 =-512.1 5C.3 5C.277
-9 -461.7 5044 50.499
-8 -411.1 50.6 5C.631
-7 ~360.4 50.7 5C.770
-6 -309.5 5C.9 5C.913
-5 -258.3 5le2 51.062
-4 =-207.0 51.3 51.212
-3 ~-155.5 5l.5 51.362
-1 -52.0 51.9 51.661
-0 JeC 51.9 51.801
1 52.2 52.2 51.641

2 104.7 52.5 52.081

3 157.2 52.5 52.221

4 2C9.8 52.6 52.361

5 262.5 52.7 52.501

6 315.3 52.8 52.641




THERMOCQUPLE TABLE FCR FE

NAT. BUR.,
GENERAL

TEMP
DEG K

(S O N

SV ONO

11

13
14
15

16
17
18
19
20

21
22
23
24
25

26
217
28
29
30

31
32
33

35

36
37
38
39
40

(Y) VS CONST.,

CF STANCARDS PUB. R-258

LCT ANY

TEST DATF SEPTEMBER 1,69

EMF
MIC V

Ue48
l.C2
1'92
3.15
4.7C

6.57
.74
11.21
13.97
17.¢1

23432
23.91
27.77
31.9
3643

41.0C
46.C
51.3
56.9
62.7

68.5
7542
81.8
88.6
95.6

102.9
110.4
118.1
126.1
134.4

143.9
151.9
161.1
17046
180. 4

192.5
291.0
211.9
223.1
234.7

DELEMF
MIC Vv

0.48
Ue5¢
C.90
1.23
L.55

1.87
2.17
2.47
2.76
3.04

3.31
3.59
3.86

CE/DT

MIC V/DGK

C.266
C.722
1.062
1.293
1.714

2.C26
24330
2.626
2.915
2.197

2,472
3.740
4,002
4.258
4,510

4,760
5.C10
£.269
5.517
5.770

€.C30
€.297
€.550
&.820
7.C90

7.270
7.660C
7.569
€.262
g.570

8.890
S.21¢
G.530
S.850
C.172

1C.49C
1¢.810Q
11.130
11.450
11.779

TEMP

DEG K

A-57

41
42
43
44
45

46
47
48
49
50

51
52
53
54
55

56
57
58
59
60

61
62
63
64
65

56
67
68
69
70

71
72
73
74
75

76
17
78
79
8¢

[SA TYPE YP-YN ’
WITH CALC.

BASEC ON

MULT. FACTCR OF 1.0C000.
o« USERS REFERENCE TEMPERATURE 0.
BY POWELL,BUNCH

EMF
MIC v

24646
258.8
271.3
284.1
297.3

310.8
324.7
338.9
353.4
3€8.3

383.6
369.2
415.1
431 .4
448.90

464.9
482.2
499.8
517.7
536.0

554.6
573.6
£92.9
612.5
632.4

€52.7
673.3
694.2
715.4
736.9

758.8
781.0
8C3.5
826.3
849.4

872.8
896.5
92C.5
G44.8
9369 .4

DELEMF
MIC V

11.9
12.2
12.5
12.8
13.2

13.5
13.9
14,2
14.5
14.9

15.3
15.6
15.9
16.3
16.6

16.9
17.3
17.6
17.9
18.3

18.6
19.C
19.3
19.6
19.9

20.3
2C.6
23.9
21.2
215

21.9
22.2
22.5
22.8
23.1

230/'0
23.7
24.C
24.3
24 .6

DEG. K

DE/OT
MIC V/DGK

12.9090
12.410
12.730
13.050
13.389

13.720
14.060
14.490
14.740
15.080

15.420
15.760
16.1C0
16.440
16.780

17.120
17.460
17.8490
18.149
18.480

18.820
19.160
19.490
15.810G
20.120

20,430
20.740
21.025C
21.360
21.670

21.98C
22.290
22.600
22.910
23.220

23.530
23.840
24.150
24.460
24.760




THERMCCOUPLE TABLE FOR FE (Y) VS CCNST., ISA TYPE YP-VYN s BASETD CON
NAT. BUR. GF STANDARDS PUB. R-258 WITH CALC. MULT. FACTCR OF 1.00000.
GENERAL » LCT ANY . USERS REFERENCE TEMPERATURE 0. DEG. K

TEST DATE SEPTEMBER 1,60 BY POWELL,BUNCH

TEMP EMF  DELEMF CE/OT TEMP EMF  DELEMF  DE/DT _
DEG K MIC V. MIC V MIC V/DGK DEG K MIC Vv MIC V MIC V/DGK
81 994.4  25.0 25.060 121 2208.4  34.9 34.900
82  1019.7  25.3 25.360 122 2243.5  35.1 35.110
83  1C45.3  25.6 25.650 123 2278.8  35.3 35,320
84 1071.2  25.9 25.940 124 2314.3  35.5  35.530_
85  1C97.3  26.1 26,220 125 2350.0  35.7 35,740
86  1123.7  26.4 2€.500 126 2385.9  35.9 35.950
87 1150.4  26.7 26.780 127 2422.0  36.1 36.160
88  1177.4  27.0 27.C60 128 2458.3  36.3 36.370

89  1204.7  27.3 27.340 129 2494.8  36.5  36.580
90  1232.3  27.6 27.€20 130 2531.5 36.7 36.780
91  1260.1  27.8 27.900 131 2568.4  36.9 36.970
92  1288.2  28.1 28.180 132 2605.5  37.1 37.150
93 1316.6  28.4 28.460 133 2642.8  37.3 37.330
94  1345.3 28,7 28.730 134 2680.2 37.4  37.510
95  1374.2  28.9 28.990 135 2717.8  37.6 37.690
96  1403.3  29.1 26.240 136 2755.6  37.8 37.870
97  1432.7  29.4 25.490 137 2793.6  38.0 38.050
98  1462.3  29.6 25.749 138 2831.7  38.1 38.230
99  1492.1  29.8 26.990 139 287C.0  38.3 38.410
100 1522.2  30.1 3C.240 140 2908.5  38.5 38.590
101 1552.6  30.4 3C.499 141 2647.2  38.7 38.770
102 1583.2  30.6 3C.739 142 2986.1  38.9 38.950
103 1614.1  30.9 3C.970 143 3025.1  39.0 39,130
104  1645.2  3l.1 31.210 144 3064.3 39,2 39.310
105 1676.5  31.3 31.450 145 3103.7  39.4 39.490
106 1708.1 31.6 31.690 146 3143.2  39.5 39,670
107 1739.9  31.8 31.530 147 3182.9  39.7 39.850
108  1771.9  32.0 32.160 148 3222.7  39.8 40,030
109  18G4.1  32.2 32.380 149 3262.6  39.9 40.210
110  1836.6  32.5 32.590 150 3302.7  40.1 40.380
111 1869.3  32.7 32.800 151 3343.0  40.3 40.540
112 1902.2  32.9 33.010 152 3383.5  40.5 40.690
113 1935.3  33.1 33,220 153 3424.1  40.6 40.830
114  1968.6  33.3 33.430 154 3464.8 40.7  40.960
115  2002.2  33.6 33,640 155 3505.7  40.9 41.090
116  2036.6  33.8 33,850 156 3546.7  41.0 41.220
117  2670.C  34.0 34,060 157 3587.9  41.2 41.350
118  2124.3  34.3 34,270 158 3629.2  41.3 41.480
119  2133.8  34.5 34.480 159 3670.6  4l.4 41.610
120 2173.5  34.7 34.€90 160 3712.2  4l.6 41.740




<

“THERMUCOUPLE TABLE FOR FE 1Y) VS CTONST., ISA TYPE YP=YN ~~, BASED ON
NAT. BUR. CF STANDARDS PUB., R-258 WITH CALC. MULT. FACTCR OF 1.00000.
GENERAL » LOT ANY . USERS REFERENCE TEMPERATURE 0. DEG. K
TEST DATE SEPTEMBER 1,60 BY POWELL,BUNCH

____TEMP EMF  CELEMF ~  CE/DT ~ ~ TEMP ~ EMF  DELEMF DE/OT
DEG K~ MIC vV MIC V ~—~ MIC V/DGK DEG K MIC v MIC Vv MIC V/DGK

161 3753.9 41.7 41.870 201 5529.5 46.5 46.590

162 3795.7 41,8 42.C00 202 5576.1 46,6 46.690Q

163 3837.7 42.0 42.130 203 5622.8 46,7 46,790

164 3879.8 42.1 42.260 204 5669.6  46.8 46.890

165 3922.1 7 42.3 42.390 205 571645 46,9 46.990

166 3964.5 42,4 42,520 206 5763.5 47.0 47.090

167 4007.1 42.6 42.650 207 5810.6 47.1 47.190

168 4049.8 42,7 42.780 208 5857.8 47.2 47,290

169  4092.6  42.8 42.910 209  5905.1 47.3 47.390

170 4135.6 43,0 432,040 210 5952,5 47 .4 47.490

171 4178.7 43,1 43,170 211 6C00.0 47.5 47.580

172 4222.0 43,3 43,200 212 6047.6 47.6 47.670

173 4265.4 43,4 43,430 213 6095,.3 47.7 47.760

174 4308.9 43.5 43,560 214 6143.1  47.8 47.850

T175 T4352.% 43,6 43,690 215 6191.0 47.9 47.940

176 4396.3 43,8 43,820 216 6239.0 48,0 48.030

177 4440,2 43,9 43,550 217 6287.1 48.1 48.120

178 4484 .2 44 ,C 44.C80 218 6335.2 48.1 48,210

179 4528.4 44,2 44,210 219 6383.4 48,2 48.300

TUUTI80 T 4572.7T T 44,3 44,340 - 220 6431.7 48.3 7 48,390

181 4617.1 44.4 44,470 221 6480,.1 48.4 48.480

182 4661.6 44 .5 44,600 222 6528.6 48,5 48.570

183 4706.,3 44,7 44,730 2?23 65772 48.6 48.66C

184 4751.1 44 .8 44,860 224 6625.9 48.7 48.750
7185 0 4796.0 0 44.9 44,990 7 225 66T4.7  48.8 T T48.840

186 4841,1 45,1 45,120 226 6723.6 48.9 48,930

187 4886,3 45,2 45.249 227 6772.6 49,0 49.020

188 4931.6 45.3 45,350 228 6821.7 49,1 49,110

- 189 4677.0C 45.4 45,450 229 6870.9 49.2 49.200
T 190 5022.5 7 45.5 ' 45,550 230 6920.2 49.3 49,290

191 5068.1 45,6 45,6590 231 6969.5 49,3 49,370

192 5113.8 45,7 45.750 232 7018.9 49,4 49,450

193 5159.6 45,8 45,859 233 7068.4 49.5 49,530

194 5205.5 45.9 45.950 234 7118.0 49.6  49.610
7195 7 7 5251.5  46.0 46,5 235 7167.7 49,7 49,690

196 5297.6 46,1 46,140 236 7217.5 49.8 49.770

197 5343.8 46.2 4€,23) 237 7267.4 49.9 49.850

198 5390,1 46.3 46,320 2138 7317.4 50.0 49.930

199 5436,5 46.4 46.410 239 7367.4 50.C 50.010
200 5483.0 46.5 46,590 240 7417.5 50.1" 50.090



- ~“THERMOCOUPLE TABLE FOR FE (Y) vS CONST., ISA TYPE YP-YN 7, BASED TN

NAT. BUR. OF STANDARDS PUB. R-258 WITH CALC. MULT. FACTCR OF 1.0000C0.

GENERAL » LOT ANY . USERS REFERENCE TEMPERATURE 0. DEG. K
TEST DATE SEPTEMBFR 1,60 8BY POWELL,BULNCH

TEMP EMF CELEMF DE/DT TEMP EMF DELEMF  DE/DT
"BEG K MIC V MIC V MIC V/DGK DEG X MIC vV MIC V MIC V/DGK

241 7467.6 5C.1 50.170
242 7517.8 50.2 5C.250
243 7568.0 50.2 5C.330
244 7618.3 50.3 5C0.410
245 7668.7 504 5C.500
246 7719.1 50.4 5C.590
247 7769.6 50.5 5C.680
248 7820.1 50.5 5C.770
249 7870.6 5C.5 5C.860
250 7921.2 50.6 5C.<50
251 7971.9 50,7 51.C53
252 8C022.7 50.8 51.150
253 8073.6 50.9 51.269
254 8124.6 51.0 51.370
‘255 8175.6 51.0 51.490
256 8226.7 51.1 51.610
257 8277.9 51.2 51.740
258 8329.2 513 51.£80
259 838C.6 5le4 §2.C30
260 8432,2 51.6 52.170
261 8483.S 51.7 52.310
262 8535.7 51.8 52.450
263 8587.6 5149 52.590
264 8639,7 52.1 52.730
265 8€92.C 52.3 52,670
266 8744.5 52.5 53.C20
267 8797.2 52.7 53.172
268 8850.1 52.9 53.3290
269 8603.2 53.1 53,470
270 8956.5 53.3 53,620
271 9010.C 53.5 53,770
272 9C63.7 53,7 53,920
273 9117.6 53.9 54,070
274 9171.7 54,1 54,220
215 9226.C 54.3 54,370
276 9283.5 54,5 54.520
277 9335,2 54,7 54,680
278 $390,0 54.8 54,840
279 9445,0 55.0 55.C00
280 950%.1 55.1 55.160




T THERMCCOUPLE TABLE FOR FE TYT VS CONST., ISA TYPE YP<YN —, BASED ON
NAT. BUR. GF STANDARDS PUB. R-258 WITH CALC. MULT. FACTCR OF 1.00000.
GENERAL » LOT ANY . USERS REFERENCE TEMPERATURE 0. DEG. C

TEST DATE SEPTEMBER 1,60 BY POWELL,BUNCH

i TEMP EMF DELEMF OE/DT  TEMP EMF DELEMF DE/DT
DEG C  MIC V "NIC V ~ "MIC V/DGC DEG C MIC vV MIC V MIC V/DGC
=272 -9125.16 0.54 C.420 -232 -8877.3 11.9 12.138
=271 -9124.57 0.59 C.772 -231 -8865.0 12.3 12.458
~270 -9123.62 0.95 1.112 -230 -8852.5 12.5 12.777
=269 -9122.34 1.28 = 1.442 -229  -8839.6  12.9 13.099
-268 -9120.74 1.60 1.761 -228 -8826.4 13.2 13.431
-267 =-9118.83 1.91 2.072 -227 -8812.8 13.6 13.771
=266 -9116.61 2.22 2.375 -226 -8798.9 13.9 14,111
-265 -9114.10 2.51 2.670 -225 -8784.7 14.2 14.451
=264 -9111.29 2.81  2.958 =224 -8770.1 14.6 14.791 -
-263 -9108.21 3,08 3,239 -223  -8755.1 15.0 15.131
-262 -9104,86 3.35 3.513 -222 -B8739,.8 15.3 15.471
-261 -6101.23 3.63 3,780 ~221 -8724.1 15.7 15.811
-260 -9097.33 3.90 4,041 -220 -8708,2 15.9 16.151
-259 -9093.2 4,1 4,296 =219 -8691.8 16.4 16.491
=258 -9088.7 4.5 4.548 =218 -8675.2 16.6 16.831
<257 -9084.0 4.7 4.797 -217 ~-8658,2 17.0 17.171
-256 -9078.9 5.1 5.047 -216 -8640.9 17.3 17.511
-255 =9073.6 5.3 5.297 -215 -8623.2 17.7 17.851
-254 -9068.0 5.6 5.549 -214 -86C5.3  17.9 18.191
TTTTZ283 7 29062.1 5.9 5.809 ' -213  -8586.9 18.4 18.531
=252 =-9056.0 6.1 &.069 -212 ~-8568.3 18.6 18.872
-251 -9049.5 6.5 €.328 -211 -8549,2 19.1 19.210
-250 -9042.9 6.6 £.590 -210 -8529.9 19.3 19.539
~249 -9036.1 6.8 €£.860 -209 -8510.2 19.7 19.856
TTTTT=248 TT=6029.¢ T.1 C7.131 - =208 -8490.3 19.9 T 20.166 B
-247 -9021.7 7.3 7.413 -207 ~8466,9 20.4 20.476
-246 -9014.2 7.5 7.705 -206 -8449.3 20.6 20.786
~245 -9006.4 7.8 8.C04 -205 ~-8428.3 21.0 21.096
-244 -8998,.4 8.0 2.306 -204 -8407.1 21.2 21.406
T =243 77-8990.0 8.4 8.618 -203 -8385.,5 21.6 T 21.716
-242 -898l.4 8.6 8.938 -202 -8363,6 21.9 22.026
-241 -8972.4 9.0 9.258 -201 -8341.3 22.3 22.336
-240 -8663.2 9,2 9.578 -200 -8318.8 22.5  22.646
-239 -8953,7 9.5 5.898 -199 =8296.0 22.8  22.956
TTT-238 7 -8943,8 9.9 1G.218 ~-198 -8272.8 23.2 T23.266
-237 -8933.7 10.1 10.538 -197 -8249,.4 23.4 23.576
-236 =-8923.1 10.6 1C.858 -196 -8225.6 23.8 23.886
-235 -8912.1 11.0 11.178 -195 -8201.6 24.0 24.197
-234 -8900,9 11.2 11.498 -194 -8177.2 24.4 24.505
77T <233 -8889.2 11.7 11.818 -193 -8152.6 24,6 24,805

A-61




“"THERMOCOUPLE TABLE FOR FE (Y] VS CONST., TSA TYPE YP-YN ~~, BASED ON

NAT. BUR. CF STANDARDS PUB. R-258 WITH CALC. MULT. FACTCR OF 1.00000.
GENERAL s LOT ANY . USERS REFERENCE TEMPERATURE 0. DEG. C
TEST DATE SEPTEVMBER 1,60 BY POWELL,BUNCH

TEMP EMF DELEMF CE/DT _TEMP EMF DELEMF DE/DT
DEG C  MIC V MIic v  MIC V/DGC DEG ¢  'MIC vV MIC V  MIC V/DGC
-192 -8127.5 25.1 25.106 -152 -6912.0 35,0 34,931
-191 -8102.2 25.3 25.403 -151 -6876.9 35.1 35.141
-190 -8076.5 25.7 25.694 -150 -6841.6 35.3 35,351
-189 -8050.6 25.9 25.982 =149 -6806.1 35.5  35.561
" -188 -8024.5 26.1 26.262 -148 -6770.3 35.8 35,771
-187 -7998.0 26.5 2€.542 ~-147 -6734.4 35.9 35.981
-186 -7971.3 26.7 26.822 -146 -6698.3 36.1 36.191
-185 -7944.2 27.1 27.102 -145% -6661.9 36.4 36.402
~184 -7916.9  27.3 27.382 ~144  -6625.4  36.5 36,611
-183 -7889.3 27.6 27.662 -143 -6588.7 36.7 36,809
-182 -7861.4 27.9 27.42 -142 -6551.7 37.0 36.997
-181 =-7833.3 28.1 28,223 -141 -6514.6 37.1 37.177
-180 -7804.8 28.5 28.501 -140 -64717.3 37.3 37.357
-179 =-7776.1 28.7 28.770 =139 -6439.9  37.4 37.537
-178 -7747.2 28.9 26.C27 -138 -6402.2 37.7 37.717
~177 -7718.0 29.2 29.2177 -137 -6364.4 37.8 37.897
-176 -7688.6 29.4 25.527 -136 ~6326.4 38.0 38,077
-175 =-7659.0 29.6 29.777 -135 -6288.3 38.1 38,257
-174 -17629.1 29.9 3C.027 ~-134 -6249.9 38.4  38.437
-173 -7599.0 30.1 3C.278 -133 -6211.4 38,5 38,617
-172 -7568.5 30.5 3C.526 -132 -6172.7 38.7 38,797
-171 -7537.9 30.6 30.766 -131 -6133.8 38.9 38.977
-170 -7506.9 31.0 31.C06 -130 -6094.7 39,1 39,157
-169 -7475.8 31.1 31.246 -129 -6055.5 39.2  39.337
-168 -T7444.5 31.3 31.486 -128 -6016.1 39.4 39,517
-167 -7412.8 31.7 31.727 -127 -5976,6 39.5 39.697
-166 -7381.0 31.8 31.965 -126 -5936.8 39,8 39.877
-165 =-7349.¢C 32.0 32.194 -125 -5897.0 39.8 40.058
-164 -7316.7 32.3 32.411 -124 -5857.1 39.9  40.236
-163 -7284.2 32.5 32.621 -123 ~5817.0 40.1 40.405
-162 -7251.5 32.7 32.831 -122 -57764.6 40.4 40.563
-161 -7218.5 33.0 33.C41 -121 -5736.1 40.5 40.712
-160 -7185.4 33,1 33,251 -120 -5695.5 40.6 49.849
-159 -7152.1 33.3 33,461 -119 -5654.8 40.7 40.979
-158 -7118.4 33,7 33,671 ~-118 -5613.9 40.9 41.109
=157 -7084.6  33.8 33.881 -117 -5572.8 4l.l 41.239
-156 -7050.6 34,0 34,C91 -116 -5531.6 41.2 41.369
-155 =7C16.2 34.4 34.301 -115 ~5490.3 41.3 41.499
-154 -6981.7 34,5 34,511 -114 -5448.9 41.4 41.629
-153 -6947.0 34.7 34,721 -113 -5407.3 41.6 41,759

A-62




THERMOCOUPLE TABLE FOR FE (Y) VS CONST., TSA TYPE YP-YN ~ , BASED ON

NAT. BUR., CF STANDARDS PUB. R-258 WITH CALC. MULT. FACTCR OF 1.00000.
GENERAL » LOT ANY . USERS REFERENCE TEMPERATURE 0. DEG. C
TEST DATE SEPTEMBER 1,60 BY POWELL,BUNCH

TEMP EMF DELEMF CE/DT TEMP EMF  DELEMF DE/DT
" DEG C MIC V MIC V MIC V/DGC DEG C  MICV MIC V MIC V/DGC
-112 -5365.5 41.8 41.€89 -72 -3589,2 46.5 46,605
-111 -5323.7 41.8 42,019 -71 -3542,6 46,6 46.705
-110 -5281.7 42,9 42.149 -70 -3495,9 4647 46.805
=109 -5239.6 42.1 42.279 ~69  -3449.1 46.8 = 46.905
-108 -5197.3 42.3 42,409 -68 -3402.2 46.9 47.005
~107 -5154.8 42.5 42.539 -67 -3355,1 47.1 47.105
-106 -5112.2 42.6 42,669 -566 -3308.0 47.1 47.205
-105 -5069.5 42.7 42.799 -65 -3260.8 47.2 47,305
_ =104 -5026.7 42.8 42.929 -64  -3213.5 4T.3  47.406
~103 ~4983.6 43,1 43,059 -63 -3166.1 47.4 47.503
-102 -4940.5 43,1 43,189 -62 ~3118.6 47.5 47.593
-101 -4897.2 43,3 43,319 -61 -3071.0 47.6 47,683
-100 -4853.8 43,4 43,449 -69 -3023,2 47.8 47.773
-99 -4810.3 43,5 43,579 -59 -2975.4 47.8 47.863
-98 ~-4766.6 43,7 43,709 -58 -2927.5 47.9  47.953
~97 -4722.8 43.8 43,839 -57 ~-2879.5 48.C 48,043
-96 -4678.9 43,9 43.969 -56 -2831.4 48.1 48.133
=95 -4634,9 44,0 44,099 -55 -2783.3 48,1 48,223
-94 -4590,7 44,2 44,229 -54 -2735.1 48,2 48.313
~-93  -4546,3 44 .4 44,359 -53 ~-2686.7 4844 48,403
~92 -4501.9 44 .4 44,489 -52 -2638,3 48.4 48,493
~91 -4457.4 44,5 44,619 -51 -2589,.8 48.5 48.583
=90 -4412.7 44,7 44,749 -50 -2541.2 48.6 48.673
-89 -4367.9 44 .8 44,879 -49 -2492.5 48,7 48.763
-88 -4322.9 45,0 45,010 -48 -2443,7 48.8 48,853
-87 -4277.8 45.1 45,139 -47 -2394,8 48.9 48.943
-86 -4232.6 45,2 45.257 -46 -2345,7 49,1 49,033
-85 ~4187.3 45.3 45,365 -45 -2296.6 49,1 49.123
-84 ~4141.9 45,4 45,465 -44 -2247.4 49,2 49.214
=83 -4096.4 45,5 45.565 -43 -2198.1 49.3 49,302
~82 -4(50.8 45,6 45,665 -42 -2148.8 49.3 49.382
-81 -4005.0 45.8 45.765 -41 ~209S.4 49,4 49,462
-80 -2959,2 45,8 45.865 -40 -2C49,9 49,5 49,542
-79 -3913.3 45.9 45.666 -39 -2000.3 49,6 49,622
-78 -3867.3 46,0 46.063 -38 -1950.5 49,8 49,702 "
=77 -3821.2 46.1 46,153 -37 -19090.7 49.8 49,782
-76 =3775.0 46,2 46,243 -16 -1850.8 49,9 49.862
-75 =372b.6 4644 46,233 -35 -1800.8 50.0 49,942
-74 -3682.2 46.4 4¢.423 -34 -175C.8 5040 50,022
-73 -3635.7 4645 46,513 -33 ~1700.7 5C.1 50.102




THERMOCOUPLE TABLE FOR FE [Y) VS CONST.,

NAT. BUR.
GENERAL
TEMP EMF
DEG C MIC v
-32 -1650.6
-31 -1600C.4
-30 -1550.2
-29 -1499.8
=28 =-1449.4
~27 -1399.0
~-26 -1348.5
-25 -1298.0
~24 -1247.5
-23 -1196.9
=22 -1146.2
-21 -1095.4
=20 ~1C44.5
-19 -993.5
-18 -942.4
-17 -891.3
-16 -840.1
-15 -788c8
-14 -7137.4
-13 -685.8
-12 -€34.0
-11 -582.2
-10 -530.3
-9 -478.2
-8 -425.8
-7 -373.3
-6 -320.6
-5 -267.6
-4 -214.5
-3 ’[6102
-2 -107.7
-1 -53.9
=0 JeU
1 54.1
2 108.5
3 163.0
4 217.7
5 272.5
6 327.6

CF STANDARDS PUB.

» LGT

R-258

WITH CALC.
o USERS REFERENCE TEMPERATURE

TEST DATE SEPTEMBER 1,690

CELEMF

MIC V

5C.1
50.2
5042
50.4

50.4

50.4
50.5
50.5
50.5
5C.6

50.7
50.8
53.9
51.0
51l.1

51.1
51.2
51.3
51l.4
51.6

51.8
51.8
51.9
52.1
52 .4

52.5
52.7
53.C
53.1
53.3

53.5
53.8
53.8
54.1
54 .4

54.5
54.7
54.8
55.1

CE/DT

MIC v/DGC

5C.182
5C.262
5C.341
5C.423
5C.513

50.603
5C.€93
5C.783
5C.873
5C.<65

51.C64
51.166
51.276
51.388
51.£07

51.629
51.760C
51.903
52.051
52.191

52.331
52.471
52.€11
52.750
52.892

53.C42
53.192
52,342
53.492
53.642

53.792
53.942
54.092
54,242
54,392

54.544
54.704
54.864%
55.024

DEG C

ISA TYPE YP-YN  , BASED ON~

FACTCR OF 1.0C000.

BY POWELL,BUNCH




" THERMOCOUPLE TABLE FOR™ N.AG VS CONST., ISA TYPE UNDESIG., BASED ON
NAT. BUR. CF STANDARDS PUB. UNPUB. WITH CALC. MULT. FACTCR OF 1.00000.
GENERAL » LCT ANY . USERS REFERENCE TEMPERATURE 0. DEG. K

TEST DATE SEPTEMBER 1,60 BY POWELL,BUNCH

TEMP EMF DELEMF DE/DT TEMP  EMF  DELEMF DE/OT
TTBEG K MIC v MIC vV ‘MIC V/DGK DEG K MIC vV MIC V MIC V/DGK
1 0.2 0.2 0.330 41 225.4 9.7 9.810
2 0.7 0.5 C.660 42 235.3 9.9 9.980
3 1.5 0.8 .980 43 245.4 10.1 10.150
4 2.6 1.1 1.290 44 255.6 10.2  10.320
5 4.0 1.4 1.590 45 266.0 10.4 10.490
6 5.7 1.7 1.880 46 276.5 10.5 10.660
7 7.8 2.1 2.179 47 287.2 10.7 10.830
8 10.2 2.4 2.460 48 298.1 10.9 11.000
- 9 12.9 2.7 2.7590 49  309.2 11.1  11.170
10 15.9 3,0 3.040 50 320.4 11.2 11.340
11 19.1 3.2 3.330 51 331.8 11.4 11.510
12 22.6 3.5 3,620 52 343.4 11.6 11.680
13 26.4 3.8 3.900 53 355.2 11.8 11.850
14 30.4 4.0 4.189 54 367.2 12.0  12.020
T 34,7 4,3 4,450 55 379.3  12.1 12.190
16 39,3 4,6 4,719 56 391.5 12.2 12.360
17 44,2 4.9 4.960 57 403.9 12.4 12.520
18 49,3 5.1 5.219 58 416.5 12.6 12.670
19 54,6 543 5.460 59 429.3 12.8  12.820
N 20 6C.2 5.6 5.700 60 442.2 12.9  12.970
21 66.C 5.8 5.930 61 455,2 13.¢C 13.120
22 72.1 6.1 €.150 62 468.4 13.2 13.270
23 78.4 6.3 £.370 63 481.8 13.4 13.420
24 84.9 6.5 590 64 495,.3 13.5 13.570
- 25 91.6 6.7 €.810 65 509.0 13.7 13,720
26 98,5 649 7.020 66 522.8 13.8 13.870
27 105.6 7.1 7.230 67 536.8 14,0 14,010
28 112.9 7.3 7.430 68 551.0 14.2 14.150
29 120.4 7.5 7.629 69 565 .4 14.4 14.290
T30 128.1 7.7 7.810 70 '579.9 14.5  14.430
31 136.C 7.9 8.900 71 594 .5 14.6 14.570
32 144,11 8.1 8.190 72 609,.2 14.7 14.710
33 152 .4 8.3 8.380 73 624.0 14.8 14.850
34 160.9 8.5 8.570 74 638.9 14.9 14.990
35 169.6 8,7 8.760 75 654.0 15.1 15,130
36 178.5 8.9 8.950 76 669.2 15.2 15.270
37 187.6 9.1 9,139 77 684.5 15.3 15.410
38 196.8 9.2 $.300 78 7C60.0 15.5 15.550
39 206.2 9.4 S.470 79 715.6 15.6 15.690
4) 215.7 9.5 S.640 80 731.4 15.8 15.830



THERMOCOUPLE TABLE FOR N.AG VS CONST., ISA TYPE UNDESIG., BASED ON
NAT. BUR. CF STANDARDS PUB. UNPUB. WITH CALC. MULT. FACTCR OF 1.0CC00.
GENERAL s+ LCT ANY . USERS REFERENCE TEMPERATURE 0. DEG. K

TEST DATE SEPTEMBER 1,60 BY POWELL,BUNCH

TEMP EMF DELEMF CE/DT TEMP EMF DELEMF DE/DT
DEG K vVIC V. MIC V MIC V/DGK DEG K MIC v MIC V MIC V/DGK
81 747.3 15.9 15.972 121 1496.5 21.3 21.360
82 163.3 16.0 1€.11C 122 1517.9 2l.4 21.490
83 T175.4 16.1 1€.25¢C 123 1539.5 21.6 21.620
84 795.7 16.3 1€.390 124 1561.2 21.7 21.75C
85 8l2.1 l6.4 16.53C 125 1583.9 21.8 21.880
86 828.7 16.6 1€.67C 126 16C4.9 21.9 22.C10
87 845.5 16.8 16.810 127 1627.0 22.1 22.140
88 862.5 17.0 1€.659 128 1649.2 22.2 22,270
89 879.6 17.1 17.892 129 1671.5 223 22.40C
90 896.9 17.3 17.230 130 1693.9 22.4 22.530
91 914.3 17.4 17.37C 131 1716.5 22.6 22.660
92 931.8 17.5 17.51C 132 1739.2 22.7 22.790
93 549.4 17.6 17.65% 133 1762.0 22.8 22.920
94 S6T7.1 17.7 17.790 134 1785.0 23.0 23.C50
95 585.0 17.9 17.630 135 1808.1 23.1 23.180
36 160 3.0 18.0 18.070 136 1831.3 23.2 23.310
97 1C21.2 18,2 18.2102 137 1854.7 23.4 23.440
98 1C39.5 18.3 18.35¢C 138 1878.2 23.5 23.570
99 1357.9 18.4 18.49C 139 19C1.8 23.6 23.690
100 167645 8.6 18.6139 140 1925.5 23.7 23.81GC
1G1 1£9%.2 18.7 18.760 141 1549.3 23.8 23.930
102 1114.C 18.8 18.890 142 1973.3 24.C 24.050
103 1132.¢C 19.0C 16.€20 143 1997.4 24.1 24.170
104 1152.1 19.1 16.150 144 2021.6 2442 24.290
105 1171.3 19.2 16.280 145 2046.0 24.4 24.417
106 1190.7 19.4 16.410 146 2070.5 24.5 24.530
107 1210.2 19.5 16.540 147 2095.1 24.6 24.650
108 1229.8 19.6 16.672 148 2119.8 24.7 24.7170
109 1249.5 19.7 16,€9Q 149 2144.7 24.9 24.8990
119 1269.4 19.9 16.€39 150 2169.7 25.0C 25.010
111 1289.4 20.0 20.06C 151 2194.8 25.1 25.130
112 1389.5 2C.1 2C.190 152 2220.0 25.2 254250
113 1329.8 2C.3 2C€.320 153 2245.4 25.4 25.370
114 13583.2 20.4 2C.450 154 2279.9 25.5 25.495
115 137G.7 2045 2G.582 155 229645 25.6 25.610
116 1391.3 20.6 2C0.7190 156 2322.2 25.7 25.73C
117 l1412.1 29.8 2C. 849 157 2348.0 25.8 25.850
118 1433.C 2C.9 2C.97D 158 2373.9 25.6 25.970
119 1454 .0 21.4 21.100 159 24GCC.N 26.1 26.09C
120 1475.2 2142 21.239 140 2426.2 26.2 26.210




- THERMCOCOQUPLE TABLE FOR N.AG VS CONST., ISA TYPE UNDESIG., BASED ON
NAT. BUR. CF STANDARDS PUB. UNFUR. WITH CALC. MULT. FACTCR OF 1.C00CO.
GENERAL » LOT ANY . USERS REFERENCE TEMPERATURE 0. DEG. K

TEST DATE SEPTEMBER 1,60 BY POWELL,BUNCH

__TEMP EMF DELEMF DE/DT TEMP EMF  DELEMF  DE/DT
TEG K MIC vV MIC V MIC V/DGK DEG K MIC V MIC V MIC V/DGK
161 2452.5 26.3 26.3390 201 3597.6 30.8 30.860
162 2478.9 26 .4 26,450 202 3628.5 30.9 30.970
163 2505.4 26.5 26.570 203 3659.5 31.0 31.080
164 2532.1 26.7 26.€99 294 3690.6  31.1  31.190
165 2558.9 26.8 26.810 205 3721.8 31.2 31.300
166 2585.8 26.9 26.930 206 3753.1 31.3 31.410
167 2612.8 27.0 27.050 207 3784.5 31.4 31.520
168 2639.9 27.1 27.170 208 3816.0 31.5 31.630
169 2667.1 27.2 27.290 219 3847.6 31.6 31,730
170 2694.4 27.3 27.410 210 3879.3 31.7 31.830
171 2721.8 27.4 27.530 211 3911.2 31.9 31.930
172 2749.3 27.5 27.650 212 3943,2 32.0 32.030
173 277649 27.6 27.770 213 3975,3 32.1 32.130
174 2804,6 27.7 27.890 214 4007.5 32.2  32.230
175 2832.4 27.8 28.000 218 4039.8 32.3 32.330
176 286C.4 28.0 28.110 216 4072.2 32.4 32.430
177 2888.6 28.2 28.220 217 4104.7 32.5 32.530
178 2916.9 28.3 28.339 218 4137.3 32.6 32.630
179 2945.3 28.4 28.440 219 4170.0 32.7 32.730
180 2973.8 28.5 28.550 220 4202.8 32.8 "32.830
181 3C02.4 28.6 28.660 221 4235,7 32.9 32.940
182 3031.1 28.7 28,7790 222 4268.7 33,0 33.040
183 3C59.9 28.8 28.880 223 4301.8 33,1 33,140
184 3C88,.8 28.9 28.990 224 4334 .9 33,1 33.240
185 3117.8 29.0 29.100 225 4368.1 33,2 33,340
186 3146.9 29.1 26.210 226 44C1 .4 33.3 33.440
187 3176.1 29.2 26.3220 227 4434 ,8 33.4 33,540
188 3205.4 29.3 26,430 228 4468 .4 33,6 33.640
189 3234,.8 29.4 26,549 229 4502.1 33.7 33.740
190 31264.4 29.6 26.650 230 4535.9 33,8 33,840
191 3294,.1 29.7 25.760 231 4569,8 33.9 33,940
192 3324.0 29.9 26.879 232 4603.8 34.0 34.040
193 3354.C 30.0 25.980 233 4637.9 34,1 34,140
194 3384, 30.1 3C.C90 234 4672.1 34,2 34.240
195 3414,3 30.2 3C.200 235 47064 34,3 34,3407
196 3444 ,6 3C.3 3C.210 236 4740.8 34.4 34.440
197 3475.¢C 30.4 3C.420 237 4775.3 34,5 34,540
198 3505.5 30.5 30.530 238 48C9.9 34.6 34,640
199 3536.1 30.6 3C.640 239 4844 .6 34,7 34.740
200 3566.8 30.7 30,759 240 4879.4 34,8 34,840




“THERMOCOUPLE TABLE FOR " N.AG VS CONST.
CF STANCARCS PUB. UNPUB,

NAT. BUR.
GENERAL

TEMP
BEEK

241
242
243
244
245

246
247
248
249
250

251
252
253
254
255

256
257
258
259
260

261
262
263
264
265

266
267
268
269
270

271
272
273
274
275

276
277
278
279
280

EMF
MIC V

4914.3
4949.3
4G84.4
5019.6
5054.9

5C9C.3
5125.8
5161.4
5197.1
5232.9

5268.8
5304.8
5340.8
5376.9
5413.1

5449.4
5485.8
5522.3
5558.9
5595.6

5632.4
5669.3
5706.3
5743.4
578C.5

5817.7
5855.0
5892.4
5929.9

- 5967.5

6005.2
6C43.0
6C80.9
6118.9
6157.1

6195.3
6233.6
6272.0
6310.5
6349,.1

» LOT  ANY
TEST DATE SEPTEMBER 1,60
DELEMF CE/DT
MIC V MIC V/DGK
34.9 34,540
35.0 35,40
35.1 35,140
35.2 35,240
35.3 35.340
35.4 35,440
35.5 35.540
35.6 35.64C
35.7 35.740
35.8 35.840
35.9 35.940
36.0 36.C40
36.0 36.140
36.1 36.240
36.2 36.330
36.3 36.420
36.4 36.510
36.5 36.600
36.6 36,690
36.7 36.780
36.8 36,870
36.9 3€.560
37.0 37.C50
37.1 37.140
37.1 37.239
37.2 37.320
37.3 37.410
37.4 37.500
37.5 37.590
37,6 37.€80
37.7 37.770
37.8 37.860
37.9 37,950
38.0 38.040
38.2 38.130
38.2 38.220
38.3 38.210
38.4 38,400
38.5 38.490
38.6 38.580

TEMP

"DEG K

281
282
283
284
285

286
287
288
289
290

291
292
293
294
295

296
297
298
299
3c0

ISA TYPE UNDESIG., BASED ON
WITH CALC.

MULT. FACTCR OF 1,00000.
« USERS REFERENCE TEMPERATURE 0.
BY POWELL,BUNCH

EMF  DELEMF

MIC v MIC V

6387.7 38.6
6426.4 38.7
6465.2 38.8

6504.1 38.9

6543.1  39.C

6582.2  39.1
6621.4  39.2
6660.6  39.2
6699.9  39.3

6739.3  39.4

6778.8  39.5
6818.4  39.6
6858.0  39.6
6897.7 39,7

6937.5 39.8

6977.4 39.9
7017.4 40.0
7057.5 40.1
7097.7 40.2

7137.9 40.2

DEG. K

DE/DT _

TTTMIC V/DGK

38.670
38.760
38.840
38,930
39.020

39.110
39,200
39.290
39.380
39.470

39.560
39.650
39.740
39.830

39.910

39,990
40.070
40.150
40.230

40,310




- THERMCCOUPLE TABLE FOR N.AG VS CONST., ISA TYPE UNDESIG., BASEC ON~
NAT. BUR. OF STANDARDS PUB. UNPUB. WITH CALC. MULT. FACTCR OF 1.00000.
GENERAL » LOT ANY ., USERS REFERENCE TEMPERATURE 0. DEG. C

TEST DATE SEPTEMBER 1,60 BY POWELL,BUNCH

TEMP EMF DELEMF CE/DT TEMP EMF  DELEMF DE/DT ,

TTBEG T MIC V MIC V MIC V/DGC DEG C MIC v MIC V  MIC V/DGC
-272 -6086.3 0.3 G.380 -232 -5859,7 9.7 9.836
=271 -6085.8 0.5 C.709 -231 -5849.8 9.9 10.005
-270 -6084,9 0.9 1.C27 -230 -5839,7 10.1 10.176

-269 -6083.8 1.1 1.336 -229 -5829.4  10.3  10.345
=268 -6082.4 1.4 1.634 -228 -5819.0 1.4 10.515
-267 -6080.6 1.8 1.923 -227 ~-5808.5 10.5 10.686
~266 -6078.4 2.2 2,213 -226 -5797.8 10.7 10.855
-265 =6076.0 2.4 2.504 -225% -5786.8 11.¢ 11.026

=264 =-6073.2 2.8 2.794 -224 -5775.7 11.1  11.196
-263 =-6070.2 3,0 2.C84 -223 -5764.5 11.2 11.365
-262 ~6067.0 3.2 3.374 -222 -5753.1 11.4 11.536
~261 -6063.4 3.6 3.662 -221 -5741.4 11.7 11.705
-260 -6059.6 3.8 3.543 -220 -5729.6 11.8 11.875

~-259 -6055.6 4.0 4,221 -219 -5717.6 12,6 12.046

T =258 -6051.2 4,4 4.490 -218 -5705.5 12.1 12.216
=257 -6046.6 4.6 4.748 -217 -5693.2 12.3 12.385
-256 =-6041.6 5.0 4.998 -216 -5680.8 12.4 12.543
=255 =6036.5 5.1 5.248 -215 -5668.2 12.6 12,693
=254 -6031.2 5.3 5.497 -214 -5655.4 12.8 12.842

T =253 -6025.5 5.7 5.735 -213 -5642 .4 13.0 12,993
-252 -6019.7 5.8 5.€63 -212 -5629.4 13.0C 13.143
-251 -6013.6 6.1 6.183 ~-211 -56164.2 13.2 13.293
-250 -6007.2 64 6.403 ~-210 -5602.8 13.4 13.443
=249 -6000.7 £.5 6.624 -209 -5589,2 13.6 13.593

T =248 -5994,C 6.7 6.841 -208 -5575.5 13.7 13,743
-247 ~5987.C 7.0 7.052 -207 -5561.7 13.8 13.891
-246 ~5979,9 7.1 7.261 -206 -5547.7 14.0 14.031
-245 =5972.6 7.3 7.459 -295 -5533,4 14.3 14.171
-244 -5965,0 7.6 7.648 -204 -5519,0 14.4 14.311

©7-243 -5957,.3 7.7 7.838 -203 -5504.5 14.5 14,481
-242 -5G49,4 7.9 8.028 -202 -5489,9 l4.6 14.591
~241 -5941.3 8.1 8.218 -201 -5475.2 14.7 14.731
-240 -5932.9 8.4 8,498 -200 -5460.4 14.8 14.871
=239 -5924,.4 8.5 8.599 -199 ~5445,4 15.C 15.011

-238 -5915,7 8.7 g.789 ~-198 -5430,3 15.1  15.1517°
~237 -5906.7 9.0 8.978 -197 -5415.1 15.2 15.291
-236 -5897.6 9.1 $.156 -196 -5399.8 15.3 15.431
~235 -5888.4 9.2 5.326 -195 -5384,3 15.5 15.571
-234 -5879.C 9,4 $.495 -194 -5368.6 15.7 15.711
-233 -5869,4 9.6 . 666 -193 -5352.8 15.8 15.851

A69



THERMCCOUPLE TABLE FOR N.AG VS CONST.,
OF STANDARDS PUB. UNPUB.

NAT. BUR.

GENERAL
TEMP EMF
DEG C VIC V
-192 -5336.9
-191 -5320.9
-190 =-5304.7
-189 -5288.4
-188 -5272.0
-187 -5255.4
-186 -5238.5
-185 =-5221.5
-184 =-5204.4
-183 -5187.1
-182 -5169.7
-181 -5152.2
-180 -5134.5
-179 -5116.8
-178 -5098.9
-177 -5080.9
-176 -5062.6
-175 =-5044.3
-174 =-5025.9
-173 -5C07.3
=172 -4988.6
=171 -4969.7
-170 -4950.7
-169 -4931.6
-168 -4912.4
-167 -4893.0
-166 -4873.5
-165 -4853.8
-164 =-4834.1
-163 -4814,2
162 -4794.2
~161 =-4774.0
-160 =-4753.7
-159 -4733.3
-158 -4712.8
=157 -4692.2
-156 -4671.4
-155 =-4650.4
-154 =-4629.4
-153 -4608.2

» LOT

TEST DATE SEPTEMBER 1,60

DELEM
MIC V

15.9
16.0
16.2
16.3
1604

16.6
16.9
17.0
17.1
17.3

17.4
17.5
17.7
17.7
17.9

18.0
18.3
18.3
18.4
18,6

18.7
18.9
19.0
19.1
19.2

19.4
19.5
19.7
19.7
19.9

20.0
20.2
20.3
20.4
20.5

20.6
20.8
21.0
21.0
21.2

ANY

F

CE/OT

MIC v/DGC

15.591
1€.131
16,271
1€.411
16.551

1€.691
1€¢.831
1€.¢71
17.111
17.251

17.391
17.531
17.€71
17.811
17.951

18.091
18.231
18.371
18.512
18.649

18.780
18.910
16.040
16.169
16.299

15.430
16.559
15.€89
19.820
16.950

2C.079
2G.209
20,340
2C. 469
2C.599

2C.730
2C.859
2G6.989
21.119
21.259

WITH CALC.

TEMP
DEG C

~152
=151
-150
=149
-148

-147
-146
-145
-144
-143

-142
-141
-140
-139
-138

-137
-136
=135
-134
-133

-132
-131
-13¢C
=129
-128

-127
=126
~-125
-124
-123

-122
-121
-120
-119
-118

=117
-116
~-115
-114
-113

ISA TYPE UNDESIG.,

BASED ON

MULT. FACTCR OF 1.00000.
« USERS REFERENCE TEMPERATURE O.

_ENMF
MIC v

~4586.9
-4565.5
"4543-8
~4522.1
-4500.3

-4478.4
‘4‘056.3
~4434.0
-4411.7
-4389.3

-4366.7
-4344.0
-4321-1
-4298.1

-4275.0

-4251.8
-4228.4
-4204.9
-4181,2

-4133.7
-4109.7
-4085.6
‘406103
-4036.9

-4012.4
-398708
-3963.1
-3938.1
-3913.1

-3888.0
-3862.8
-3837.4
-3811.9
‘3786.2

-3760.5
_373407
-3708.8
-3682.7
-3656.4

BY POWELLyBUNCH

DELEMF

MIC V

21.3
21.4
21.7

21.7

21.8

21.9
22.1
22.3
22.3
22.4

22.6
22.7
22.9
23.0

23,1 23

23.2
23.4
23.5
23.7
23.7

23.8
24.0
24.1
24.3
2444

24.5
24.6
24.7
25.0
25.0

25.1
25.2
25.4
25.5
25.7

25.7
25.8
25.9
26.1
26.3

DEG. C

DE/DT

~'MIC V/DGC

21.379
21.509
21.640
21,770
21.900

22.030
22.160
22.289
.22.420

23.329
23.460
23.588
23.708
23.828

23.948
24.068
24.188
24.428

24.548
24.668
24.788
24,908

25.028°

25.148
25.268
25.388
25.508
25.628

25.748
25.868
25.988
26.108
26.228




"7 "THERMCCUOUPLE TABLE FOR 'N.AG

NAT. BUR.
GENERAL
TEMP EMF
TTDEGC 0 MIC V
-112 -3630.1
-111 -3603.7
-110 =-3577.2
-109 ~3550.5
' -108 -3523,7
-107 =-3496.7
-106 ~-3469,.7
~-105 =3442.6
_-104 -3415.4
-103 -2388.1
-102 -3360.7
-101 -3333,2
-100 -3305.5
=99 =3277.8
T ~-98 =3250.0
~97 =3222.0
-96 -3193.7
-95 =3165.4
-94 =3137.0
=93 -3108.5
~-92 -3079.9
-91 -3051.2
-90 -3022.4
-89 -2993.4
T -88 -2964.4
-87 -2935,3
-86 -2906.1
-85 -2876.8
-84 -2847.4
=83 -2817.7
-82 -2788.C
-81 -2758.1
-80 -2728.1
-79 -2698.0
~78 -2667.7
-77 =-2637.4
-76 =2607.0
~-715 =2576.5
~-T74 -2545,9
-73 =2515.2

VS CONST.,
OF STANCARDS PUB. UNPUB,

ISA TYPE UNDESTIG., BASED ON
WITH CALC.

MULT. FACTCR QOF 1.00000.

s LOT ANY . USERS REFERENCE TEMPERATURE 0. DEG. C
TEST DATE SEPTEMBER 1,60 BY POWELL,BUNCH
DELEMF DE/DT ~ TEMP  EMF  DELEMF DE/DT

T MIC vV MIC V/DGC DEG C  MIC V MNIC V MIC V/DGC
26.3 26.348 -72 -2484 .4 30.8 30.877
26.4 26.468 -71 -2453 .4 31.0 30.986
26.5 26.588 -70 -2422.4 31.0 31.096
26.7 26,708 -69 -2391.3 31.1  31.206
26.8 26.828 -68 -2360.1 31.2 31.316
27.0 2€.548 -67 -2328.8 31.3 31.427
27.0 27.068 -66 =2297.4 3l.4 31.537
27.1 27.188 -65 -2265.9 31.5 31.645

27.2 27.208 -64 -2234.2 31.7  31.745

27.3 27.428 -63 -2202.5 31.7 31.845
27.4 27.548 -62 -2170.6 31.9 31.945
27.5 27.668 -61 -2138.6 32.0 32.045
27.7 27.789 -60 -2106.5 32.1 32.145
27.7 27.507 =59  -2074.2 32.3 32,245
27.8 28,017 -58 -2041.9 32.3 32.345
28.0 2€.127 -57 -2009.5 32.4 32.445
28.3 28.237 -56 -1977.0 32.5 32.545
28.3 28,347 -55 -1944 .4 32.6 32.645
28.5 28.567 -53 -1878.9 32.8 32.847
28.6 28,6177 -52 -1845.9 33,0 32.955
28.7 28.786 -51 -1812.9 33.0 33,055
28.8 28.896 -50 -1779.8 33,1 33.155
29.0 26.007 -49 -1746.7 33.1 33,255
29.0 26.117 -48 -1713.5 33,2 733,355
29.1 29,227 -47 -1680.2 33.3 33.455
29,2 25.337 -46 -1646.8 33.4 33.555
29.3 25.447 -45 -1613.1 33,7 33,655
29.4 2¢.556 -44 -1579.4 33,7 33.755
29.7 26.667 -43 -1545.6 33,8 733,855
29.7 26,7177 -42 -1511.7 33.9 33.955
29.9 26.887 -41 -1477.7 34.0 34.055
30.0 26.997 -40 -1443.6 34,1 34,155
30.1 3C.107 -39 -1409.3 34,3 34,255
30.3 3C.216 -38 -1375.0 34.3 34,355
30.3 30.326 -37 -1340.6 34,4 34,455
30.4 3C.437 -36 -1306.1  34.5 34,555
30.5 3C.547 -35 -1271.5 34,6 34,655
30.6 30.657 -34 -1236.8 34,7 34,755
30.7 3C.767 -33 -1202.0 34,8 34,855




‘THERMOCOUPLE TABLE FOR N.AG VS CONST., ISA TYPE UNDESIG., BASED ON~
NAT. BUR. COF STANDARDS PUB. UNPUB. WITH CALC. MULT. FACTCR OF 1.00000.

GENERAL

TEMP
"DEG C

-32
=31
=30
-29
-28
=27
=26
=25
-24
=23

-22
=21
=20
=19
-18

-17
-16
-15
-14
~-13

~12
-11
~-10
-9
-8

-7
-6
-5
-4
-3

EMF
MIC Vv

~-1132.0
-1096.9
-1061.7
-1026.4

-991.0
-919.8
-884,1
-848.3

=-776.4
-74004
"70"-3
-668.0

-63107
‘59503
"558.8
-522-2
~485.5

~-448.7
-411.7
-37407
-337.6
-300.5

-263.3
-226.0
-188.6
-113."

-75.7
-37.9
0.0
38.0
76.2

114.5
152.8
191.2
229.7
268.3

s LOT

ANY

« USERS REFERENCE TFMPERATURE

TEST DATE SEPTEMBER 1,60

DELEM
MIC V

35.0
35.0
35.1
35.2
35.3

35.4
35.5
35.7
35.7
35'8

35.9
36.6
36.C
36.1
36.3

36.3
36.4
3645
36.6
36.7

36.8
37.0
37.0
37.1
37.1

37.2
37.3
37.4
37.5
37.7

37.7
37.8
37.8
38.0
‘.’8'2

38.3
38.3
38.4
38.5
38.6

F

CE/DT

MIC v/DGC

34,955
35.055
35.155
35.255
35.355

35.455
35.555
35.€55
35.155
35.855

35.955
36.055
36.156
36.254
3€.344

36.433
36.523
36.614
36.703
3€.793

3€.884
36.573
37.063
37.154
37.243

37.334
37.424
37.514
37.603
37.694

37.784
37.873
37.964
38.053
38.143

38.234
38.323
38.413
38.503
38.594

0.

BY POWELL,BUNCH

TEMP

DEG C

8
9
10
11
12

13
14
15
16
17

18
19
20
21
22

23
24
25
26

EMF
MIC Vv

306.9
345.6
384.4
423.4
462.4

501.5
540.7
579.9

619.2

658.6

698.2
737.7
177.4
817.1
856.9

896.8
936.8
976.9
1017.1

DELEMF
MIC V

38.6
38.7
38.8
35.0
39.0

39,1
39.2
39.2
39.3
39.4

39.6
39.5
39.7
39.7

39.8

39.9
40.0
4C.1
40.2

DEG. C

DE/DT

- MIC V/DGC

38.684
38.771
38.853
38.944
39,034

39.123

39.214

39.304
039,393
39.484
39.574
39.663
39,754
39,842

39.922

40,002
40.082
40.162
40.242




NAT. BUR. CF STANDARDS PUB, UNFUB. WITH CALC. MULT. FACTCR OF 1.00G00.
GENERAL » LOT ANY . USERS REFERENCE TEMPERATURE G. DEG. K

|

|

THERMCCOUPLL TARLE FOR N.AG VS AUCO , ISA TYPE UNDESIG., BASED ON —~
TEST DATE SEPTEMBER 1,60 BY POWELL,BUNCH

TEMP EMF DELEMF CE/OT TEMP EMF DELEMF DE/OT
CEG K MIC V MIC V MIC V/DGK DEG K MIC v MIC V  MIC V/DGK

1 Ce5 0.5 1.C5G 41 632.9 25.7 25.900

2 2.1 1.6 2.C70 42 658.9 26.0 26.230

3 4,7 2.6 3.070 43 685.3 26.4 26.560

4 8.2 3.5 4.C40 44 712.0 26.7 26.880

5 12.7 4.5 4.990 45 735.0 27.0 27.200

6 18.2 5.5 5.920 46 766.3 27.3 27.510C

7 24.6 6.4 €.82¢C 47 793.9 27.6 27.820

8 31.8 7.2 7.700 48 821.8 27.9 28.120

9 33.9 8.1 «E50 49 850.1 28.3  28.410
10 48,9 9.0 5.280 50 878.7 28.6 28.700
11 58.7 9.8 1C.180 51 907.6 28.9 28.98C
12 69.3 10.6 1C.960 52 936,7 29.1 29.250
13 80.6 11.3 11.710 53 966.1 29.4 29.520
14 92,7 12.1 12.440 54 995,.8 29.7  29.79C
15 105.5 12.8 13.140 55 1025.7 29.9 30.05C
16 119.0 13.5 12.820 56 1055.8 30.1 30.300
17 133.1 l4.1 14.480 57 1086.2 30.4 30.550
18 147.9 14.8 15.129 58 1116.9 30.7 30.790
19 163.3 15.4 15.750 59 1147.8 30.9 31.020
20 179.4 16,1 16.370 60 1178.9 31.1 31.250
21 196.1 16.7 16.979 61 121C.3 31.4 31.470
22 213.4 17.3 17.550 €2 1241.9 31.6 31.690
23 231.2 17.8 18,119 63 1273.7 31.8 31.900
24 249.6 '18.4 18.660 64 1305.7 32.C 32.110
25 26845 18.9 15.190 65 1337.9 32.2 32.31C
26 287.9 19.4 15.790 66 1370.3 32.4 32.500
27 307.9 20.0 2C.199 AT 1402.9 32.6 32.690
28 328,.4 20.5 2C.670 68 1435,7 32.8 32.870
29 349,4 21.0 21.140 69 1468.7 33.0 33,050
30 370.8 21.4 21.600 70 1501.8 33,1 33,2207
31 392.6 21.8 22.050 71 1535.1 33.3 33.390
32 414 .8 22.2 22.480 72 1568.6 33.5 33,550
33 437 .4 22.6 22.500 73 16C2.2 33.6 33,710
34 4604 23.0 23.312 74 1636.0 33,8 33,870
35 483.8 23.4 23,710 75 1669.9 33.9 34.030
36 507.7 23.9 24,109 76 17C4.0 34,1 34.18C
37 532.0 24.3 24.4802 77 1738.2 34,2 34,330
38 55647 24.7 24,850 78 1772.6 34.4 34.480
39 581.8 25.1 25,212 79 1807.2 34,6 34,630
40 607.2 25.4 25.569 2 1841.9 34.7 34.780




- THERMOCOUPLE TABLE FOR ~N.AG VS

NAT. BUR.
GENERAL

TEMP
"DEG K

81
82
83
84
‘85

86
87
88
89
90

91
92
93
94
95

96
97
98
99
100

101
102
103
104
105

106
107
108
109
110

111
112
113
114
115

116
117
118
119
120

OF STANDARDS PUB. UNPUB.

EMF

- MIC V

1876.7
1911.7
1946.9
1982.2

2C17.6

2C053.2
2089.0
2124.9
2160.9

2197.0

2233.3
2269.7
2306.3
2343.0
2379.8

2416.717
2453.7
2490.8
2528.1
2565.5

2603.0
2640.6
267842
2715.9
2753.7

2791.6
2829.6
2867.7
2905.9
2944,2

2682.6
3621.1
3059.6
3098.2
3136.9

3175.7
3214.6
3253.5
3292.5
3331.6

y LOT

TEST DATE SEPTEMBER 1,60

ANY

CELEMF

- MIC V

34.8
35.0
35.2
35.3
35.4

35.6
35.8
35.9
36.0
36.1

36.3
36.4
36.6
36.7
36.8

36.9
37.¢C
37.1
37.3
37.4

37.5
37.6
37.6
37.7
37.8

37.9
38.C
38.1
38.2
38.3

38.4
38.5
38.5
38.6
38.7

38.8
38.9
38.9
39.0
39.1

CE/DT

MIC V/DGK

34.930
35.C80
35.230
35.380
35,530

35.680
35.829
35.960
3€6.100
36.240

36.380
36.520
36.669
3€.809
36.939

37.050
37.160
37.260
37.350
37.440

37.5392
37.620
37.710
37.800
37.890

37.58G
38.(7C
38.1690
38.259
38.340

38.430
38,510
38.590
38,670
38.75C

38.830
38,9190
38.990
39,060
36.139

AUCO , ISA TYPE UNDESIG., BASED ON

WITH CALC.

TEMP
DEG K

121
122
123
124
125

126
127
128

129

130

131
132
133
134
135

136
137
138
139
140

141
142
143
144
145

146
147
148
149
150

151
152
153
154
155

156
157
158
159
160

A-74

MULT.

EMF
MIC 'V

3370.8
3410.0
3449.3
3488.7
3528.2

3567.7
3607.3
3646.9

3686.6
3726.4

3766.2
3806.1
3846.C
3886.0

3926.0N

3966.1
4006.3
4046.5
4086.8
4127.1

4167.5
4207.9
4248.4
4288.9
4329.5

437C.1
4410.7
4451 .4
4492.1
4532.,9

4573.7
4614.5
4655.4
4696.3
4737.3

4778.3
4819.3
4860.4
4901.5
4942.6

FACTCR OF 1.000C0.
. USERS REFERENCE TEMPERATURE 0.
BY POWELL,BUNCH

DEG. K
DELEMF _DE/OT
MICV T MIC V/DGK

39.2 39,200
39,2 39,270
39.3 39.340
39.4  39.410
39,5 39,480
39,5 39.550
39.6 39.620
39.6 39,690
- 39.7  39.76C
39.8 39,830
39.8 39.890
39.9 39,940
39,9 39.990
_ 40.0  40.040
40.C 40.090
40.1 40.140
40.2 49,190
40.2 40.240
40.3  40.290
40.3  40.340
4C.4 40.390
40.4 40,440
40.5 40,490
40.5 4G.540
T T40.6  40.580
40.6 40.620
40.6 40.660
40.7 40.700
40.7 40,740
40.8  4C.780
40.8 40.820
40.8 40.860
4G.9 40.900
4C.9 40,940
41.0  ~ 40.980
41.0 41.C20
41.0 41.060
41.1 41.090
41.1 41.120
41.1 41.150




" 'THERMOCOUPLE TABLE FOR N.AG VS 'AUCD , ISA TYPE UNDESIG., BASED ON
NAT. BUR. OF STANDARDS PUB. UNPUB. WITH CALC. MULY. FACTCR OF 1.00000.
GENERAL + LOT ANY . USERS REFERENCE TEMPERATURE 0. DEG. K

TEST DATE SEPTEMBER 1,60 BY POWELL,RBUNCH

__TJEMP  EMF  DELEMF ~  [CE/DT  TEMP __EMF  DELEMF  DE/DT
~ DEG K MICV MIC vV MIC V/0GK DEG K MIC VvV MIC V MIC V/DGK
161 4983.8 41.2 41.180 201 6650.8 42.1 42.060
162 5¢25.0 41.2 41,210 202 6692.9 42.1 42,070
163 5066.2 41.2 41,240 203 6735.0 42.1 42.080
164 5107.5 41.3 41.270 204  6777.1  42.1  42.090
165 5148.8 41.3 41.300 205 6819.2 42.1 42.100
166 5190.1 41.3 41.330 206 6861.3 42.1 42.110
167 5231,5 41.4 41.360 207 69C3.4 42.1 42,120
168 5272.9 41.4 41.390 278 6945,.5 42.1 42.130
169  5314.3 41.4  41.420 ) 209  6987.6  42.1 = 42.140
170 5355.7 41.4 41.450 210 7029.7 42,1 42,150
171 5397.1 41.4 41.480 211 7071.9 42,2 42.160
172 5438,6 41.5 41.519 212 7114.1 42.2 42.170
173 5480, 1 41.5 41,540 213 7156.3 42,2 42.180
174 5521.6 41,5 41,560 214 7198.5 4242 42.190
U175 8563, 41,5 41.580 - 215 7240.7 42,2 42.200
176 5604.7 41,6 41,600 216 7282.9 42.2 42.2190
177 564643 41,6 41.620 217 7325.1 42,2 42.220
178 5687.9 41.6 41.€40 218 7367.3 42.2 42.230
179 5729.5 41.6 41.669 219 7409.5 42.2 42.240
T T1B0  5771.2 41.7 41,680 ’ 220 7451.7 42,2 42.250
181 5812.9 41.7 41.700 221 7493,9 42,2 42,260
182 5854,6 41.7 41.720 222 7536.2 42.3 42,270
183 5896,.3 41.7 41.740 223 7578.5 42.3 42.289
184 5938.0 41.7 41.769 224 7620.8 42.3 42.290
T TTT185  s979.8 41.8 41.780 " 225 7663.1  42.3  42.300
186 6021.6 41.8 41,809 226 77G5.4 42.3 42.310
187 6063.4 41.8 41,82¢ 227 7747.7 42.3 42.31¢C
188 6105.2 41.8 41.840 228 779C.0 42.3 42.310
189 6147.1 41.9 41.860 229 7832.3 42.3 42.310
190 6189.0 41.9 41.882 230 7874.6 42.3 42.310
191 6230.9 41.9 41.500 231 7916.9 42.3 42.310
192 6272.8 41.9 41,920 232 7959.2 42.3 42.310
193 6314.7 41.9 41.640 233 8C01.5 42.3 42.310
194 6356.7 42,90 41.960 234 8043.8 42.3 42.310
195 6398.7 42.0 41.680 235 - 8086.1 42.3 42,310
196 6440,.7 42.0 42.G00 236 8128.4 42.3 42.310
197 6482,.7 42.0 42.020 237 8170.7 42,3 42.310
198 6524,7 42.0 42.C30 238 8213,0 42.3 42,310
199 6566.7 42.0 42.040 239 8255,3 42,3 42,310
200 €608.7 42.0 42.050 240 8297.6 42.3 42.310

",
L4
L}

>
=-J
w




" THERMOCOUPLE TABLE FOR ™ N.AG~ VS  AUCO , ISA TYPE UKNDESIG., BASED ON’
NAT. BUR. CF STANDARDS PUB. UNPUB. WITH CALC. MULT. FACTCR OF 1.00000.
GENERAL » LOT ANY . USERS REFERENCE TEMPERATURE 0. DEG. K

TEST DATE SEPTEMBER 1,60 BY POWELL,BUNCH

TEMP EMF  DELEMF CE/OT  TEMP EMF  DELEMF _ DE/DT _
" DEG K MICV MIC'V  MIC V/DGK  DEG K~ MIC v WMIC V MIC V/DGK
241  8339.9  42.3 42.310 281  1C031.7 42.3 42.310
242 8382.2  42.3 42.310 282  10074.0  42.3 42.310
243 B424.5  42.3 42.310 283  10116.3  42.3 42.310
244  8466.8  42.3 42.310 284  1C158.5  42.2 42,300

245 8509.1  42.3 42.310 285 1C200.7 42.2 42.29C
246 8551.4 42.3 42.319 286 1C242.9 42.2 42.280
247 8593.7 42.3 42.310 287 10285.1 42.2 42.270
248 8636.0 42.3 42.310 288 10327.3 42,2 42.260
249 8678.3 42.3 = 42.310 289 10369.5 42.2  42.250
250  8720.6 42,3 42.310 290 10411.7 42.2 42,240
251 8762.9 42.3 42.310 291 10453.9 42.2 42.230
252 8805.2 42.3 42,310 292 10496.1 42,2 42,220
253 8847.5 42.3 42.310 293 1C538.3 42.2 42.210
254 8889.8 42,3 42.310 294  1C580.5 42.2  42.200
255 8932.1 42.3  42.310° 7 T 29% 10622.7 42.2 42.190
256 8974.4 42,3 42.319 296 1C664.8 42.1 42.18¢0
257 9C016.7 42.3 42.310 297 1C706.9 42.1 42.170
258 9059.0 42,3 42.310 298 10749.0 42.1 42.160
259 9101.3 42,3 42.310 299 16791.1  42.1  42.150
260  9143.6 42,3 42.210 " 300 1C833.2 42,1 42.140
261 9185.9 42.3 42.310
262 9228,2 42,3 42.310
263 9270.5 42.3 42.310
264 9312.8 42.3 42.310
265 935%5,1 42,3 42.310
266 9397.4 42.3 42.310
267 9439,7 42.3 42.310
268 9482.0 42.3 42.310
269  9524.3 42.3 42,2190
270 9566.6 42,3 42.31)
271 9608.9 42,73 42.3190
272 9651.2 42,3 42.310
273 9693.5 42,3 42.310
274 9735.7 42,2 42.310
275 9777.9 42.2 42,210
276 3820.2 42,3 42.310
277 9862.5 42,3 42.210
278 9904.8 42,3 42.310
279 9947.1 42,3 42.310
280 9989.4 42.3 42.310
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T THERMOCOUPLE TABLE FOR N.AG VS AUCO , ISA TYPE UNDESIG., BASED UN ~—~
NAT. BUR. CF STANDARDS PUB., UNPUB. WITH CALC. MULT. FACTCR OF 1.0C000.
GENERAL » LOT ANY . USERS REFERENCE TEMPERATURE 0. DEG. C

TEST DATE SEPTEMBER 1,60 BY POWELL,BUNCH

TEMP EMF DELEMF CE/DT TEMP EMF DELEMF DE/DT

TTDEG € MIC V  MIC V MIC V/DGC DEG C  MIC VvV MIC V MIC V/DGC

-272 =-9699.2 0.7 1.204 -232 -9063.1 25.7 25.950
-271 -9697.4 1.8 2.222 -231 -9037.0 26.1 26.280
=270 -9694.7 2.7 3,217 -230 -9010.5 26.5 26.608
=269 -9691.0 3.7 4.184 - =229 -8983.8 26.7 26,929
~268 -9686.4 4.6 5.131 -228 ~8956.8 27.0 27.247
=267 -96806.7 5.7 €.C56 =227 -8929.4 27.4 27.557
-266 -9674,2 6.5 6.€54 -226 -8901.8 27.6 27.866
-265 =-9666.9 7.3 7.829 -225 -8873.8 28.0 28,164
.. —264 -9658.6 8.3 _E.676 . =224 -8845.5 28.3 28,454
~263  -9649.,%5 7 9,1 S.501 -223 -8816.8 28.7 28.743
-262 =9639.6 9,9 1C. 299 -222 -8787.9 28.9 29.021
-261 -9628.9 10.7 11.C74 -221 ~-8758.7 29.2 29.291
-260 -9617.5 11.4 11.£21 -220 -8729.3 29.4 29.561

-259 -9605.3 12.2 12.546 -219  -8699.6 29.7  29.830
T =258 '<9592.,3 13,0 12,243 = =218 -8669.6  30.0 30.087
-257 -9578.8 13.5 13.520 -217 -8639.5 30.1 30.338
-256 -9564.5 14.3 14.577 -216 -8609.0 30.5 30.587
-255 -9549,7 14.8 15.215 -215 -8578.3 30.7 30.825

-254 -9534,2 15.5 15.844 -214 -8547.4 30.9  31.055

T -253  -9518.0 16.2 1€.461 -213 -8516.2 31.2 31.283
-252 ~-9501.2 16.8 17.C58 -212 -8484.8 31.4 31.504
-251 -9483.8 17.4 17.635 -211 -8453.2 3l.6 31.721
-250 -9465.9 17.9 18.194 -210 -8421.3 31.9 31.932
=249 -9447.4 18.5 18.741 -209 -8389.3 32.0 32.141

TTS?48 T -9428.5 18.9 19.268 -208 -8357.1 32.2 32.339
-247 -9409.C 19.5 1S5.774 -207 -8324.7 32.4 32.529
-246 -9388.9 20.1 2C.263 -206 -8292.0 32.7 32.717
-245 -9368,3 20.6 2C.741 -205 -8259,2 32.8 32.898
-244 -9347,2 21.1 21.210 -204 -8226.2 33.0 33.076

T =243 -4325.8 21l.4 21.669 -203 -8193,0 33,2 33,246
-242 -$303.,9 21.9 22.115 -202 -8159.7 33.3 33,414
-241 -9281.7 22.2 22.544 -201 -8126.2 33.5 33.574
-240 -9259.0 22.7 22.962 -202  -8092.6 33.6 33,734
-239 -9236.0 23.0 23.371 -199 -8058.8 33.8 33.895

=238 -9212.5% 23.5 23.769 -198 -8024.8 " 34.0 34,053
~237 -9188.5 24.0 24.158 -197 -7990.7 34,1 34,203
-236 -9164.2 24.3 24.536 ~-196 -7956.5 34,2 34,352
-235 -9139.4 24.8 24,905 -195% -7922.0 34,5 34,502
=234 -9114,2 25.2 25.263 -194 -7887.4 34.6 34,653
=233 -9088.8 25.4 25.612 -193 -7852.7 34.7 34,803
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" THERMOCOUPLE TABLE FOR NJ,AG VS

NAT. BUR.
GENERAL
TEMP EMF
" DEG C MIC Vv
~192 -7817.9
-191 -7782.9
-190 -=7747.6
~-189 -7712.3
~-188 -7676.9
~187 =-7641.3
-186 -17605.5
-185 =7569.5
-184 -7533.5
-183 -7497.4
-182 -7461.1
-181 =7424.6
-180 -7388.0
-179 -7351.3
" =178 =7314.5
-177 -=-7277.6
-176 =7240.6
=175 -7203.4
-174 -7166.1
-173 -7128.7
-172 -7091.2
-171 -7053.6
-170 -7016.0
-169 -6978.3
TTTX168  ~6940.5
~-167 =-6902.5
-166 -6864.5
-165 =-6826.4
-164 =~6788.2
-163 ~6749.9
-162 =-6711.5
-161 =-6673.0
-160 =-6634.4
-159 -6595.8
-158 -6557.1
-157 -6518.3
-156 -6479.4
~155 -6440.5
=154 -6401.5
~153 -£362.3

CF STANDARDS PUB.

s LOT ANY

TEST DATE SEPTEMBER 1,60

DELEMF
MIC V

3".8
35.0
35.3
35.3
35.4

35.6
35.8
36.0
36.0
36.1

36.3
36.5
36.6
36.7
36.8

36.9
37.0
37.2
37.3
37.4

37.5
37.6
37.6
37.7
37.8

38.0
38.0
38.1
38.2
38.3

38.4
38.5
38.6
38.6
38.7

38.8
38.9
38.9
39.0
39.2

CE/OT
MIC V/DGC

364.953
3€.102
35,253

£.403
3€.553

35.701
35.841
35,981
3¢.121
36.261

36.401
36.541
3€.682
36.€20
36.549

37.067
37.176
37.273
37.364
37.453

37.543
37.¢€34
3r.723
37.813
37.903

37.993
38.C€83
38.174
38.264
38.354

38.442
38.522
38.602
38,682
38.762

38.842
38.923
39.001
35.071
3G.140

AUCO ,

UNPUB. WITH CALC.
. USERS REFERENCE TEMPERATURE
BY POWELL,BUNCH

TEMP
DEG C

~152
=151
-150
=149
~-148

=147
-146
=145
~144
=143

-142
-141
-140
-139
-138

-137
-136
-135
=134
-133

-132
~131
-130
-129
-128

=121
-126
=125
=124
-123

-122
-121
-120
-119
-118

=117
~116
-115
-114
-113

A8

MULT,

. EMF
MIC Vv

"632302
-6283.9
-6244.6
-6205.2

-6165.7

-6126.2
-6086.6
-60‘97 oo
"6007.3
-5967.5

-5927.6
~-5887.8
-5847.8
-5807.8

-5767.8

-5727.7
-5687.5
-5647.3
-5607.0
-5566.7

-5526.3
-5485.9
-5445.4
-5404.8
-5364.2

-5323.6
"528300
~-5242.3
-5201.6
-5160.8

=-5120.0
-5079.2
-5038.3
-4997.4
-4956.4

~4915.4
-4874.4
-483303
~4792.2
-4751.0

O.

DELEMF

MIC V

39.1
39.3
39.3

39.4

39.5

39,5
39.6
39.6
39.7
39.8
39.9
39.8

40,0
40.0

40.0

40.1
40.2
40.2
40.3
40.3

40.4
40.4
40.5
40.6
40.6

4C.6
40.6
40.7
4C.7
40.8

40.8
40.8
40.9
40.9
41.0

41.C
‘.1.0
41.1
41.1
41,2

ISA  TYPE UKDESIG., BASED ON
FACTCR OF 1.0000C.

DEG. C

. DE/DT
MIC V/DGC

39,211
39.280
39,351
39,420
39,490

39.560
39.630
39,701
39.771
39.840

39.898
39.947
39,998
40.048

40.097

40.148
40.197
40,247
40,298
40.347

40.398
40.448
40.498
40.546
40.586

40.626
40.666
40.706
40,746
40.786

40.826
40.866
40.906
40.946
40.986

41.027
41.064
41.094
41.124
41.154




“THERMOCOUPLE TABLE FOR N.AG VS AUCO , ISA TYPE UNDESIG., BASED ON ~~

NAT. BUR. CF STANDARDS PUB. UNPUB. WITH CALC. MULT. FACTCR OF 1.00000.

GENERAL » LCT ANY . USERS REFERENCE TEMPERATURE Q. DEG. C
TEST DATE SEPTEMBER 1,60 BY POWELL,BUNCH

__TEMP EMF DELEMF CE/DT TEMP ~  EMF  DELEMF_~ DE/DT
DEG C  MIC Vv MICV  MIC V/DGC DEG C MIC V MIC V MIC V/DGC
-112 -4709.8 41,2 41.184 -T2 -3042.7 42,1 42,062
-111 =-4668.7 41.1 41.214 -71 -3000.6 42.1 42.071
-110 -4627.4 41.3 41,244 -70 -2958.5 42.1 42.082
7109 -4586.1 41.3 41.274 . =69 -2916.4 42.1 = 42.091
-108 =-4544,8 41,3 " 41.305 -68 -2874.3 42,1 42.101
-107 -4503.5 41,3 41.334 -67 -2832.2 42.1 42.111
-106 =-4462,1 41 .4 41.365 -66 -2790.1 42.1 42,122
~105 =-4420,.7 41.4 41,394 -65 -2748.0 42,1 42.131
~104 -4379.3 4l.4 4l.424 =64  -2705.9  42.1  42.141
-103 -4337.9 41.4 41.455 -63 -2663.8 42.1 42,151
=102 -4296,5 41.4 41.484 -62 -2621.6 42.2 42.161
-101 -4255.0 41.5 41.515 -61 -2579.4 42,2 42.171
=100 -4213.5 41.5 414543 -60 -2537.2 42.2 42.181
=99  =4172.C 41.5 41.563 -59 -2495.0 42.2  42.192

=98  -4139.5 41.5 41.583 - =58 -2452.8 42,2 42,201
-97 -4088.9 41.6 41.603 -57 -2410.6 42,2 42.211
-96 =-4C47.3 41.6 41,623 -56 -2368.4 42.2 42,222
=95 -=4005.7 41.6 41.643 -55 -2326.2 42,2 42,231
-94 =3964,1 41,6 41,663 -54 -2284.0 42,2 42.241
7T =93 T -3922.4 41,7 41.683 -53 -2241.8 42.2 T 42.751
-92 -388C.7 41.7 41,703 -52 -2199.6 42,2 42.261
-91 -3839,0 41.7 41,723 -51 -2157.3 42.3 42.272
-90 -3797.3 41.7 41.743 -50 -2115.0 42.3 42.281
-89 -3755,6 41.7 41,763 -49 -2072.7 42,3 42.292
T -88  -3713.8 41.8 41,783 =48 -2030.4 4203 42,302
-87 -3672.0 41.8 41.803 -47 -1988.1 42.3 42.310
-86 -3630.2 41.8 41,823 -46 -1945.8 42.3 42.310
-85 -3588.3 41.9 41.843 -45 -19G3.5 42.3 42.310
-84 ~3546.4 41.9 41.863 -44 -1861.2 42,3 42.310
T =83 -3504.5 41.9 41,883 -43 -1818.9 42.3 = 42.310
~82 =-3462.6 41.9 41,903 -42 -1776.6 42.3 42.310
-81 -3420.8 41.8 41.923 -41 -1734.3 42,3 42.310
-80 -2378.8 42.0 41.943 -40 -1692.0 42.3 42.310
-79 -3336.8 42.0 41,963 -39 -1649.7 42,3 42.310
-78 -3294.8 42.0 41.¢€83 -38 -1607.4 42.3 42,310
-77 -3252.8 42.0 42.C04 -37 -1565.1 42.3 42.310
-76 =3210.8 42,0 42,022 -36 -1522.8 42.3 42.310
-75 -3168.8 42.0 42,031 -35 -1480.5 42,3 42.310
-74 -3126.8 42.0 42,042 -34 -1438.2 42,3 42,310
=73 -3084.8 42.0 42.052 -33 -1395.9 42,3 42.310




T THERMOCOUPLE TABLE FOR ~NJ,AG 7' VS

AUCO

» ISA TYPE UNDESIG., BASED ON

NAT. BUR. CF STANDARDS PUB. UNPUB, WITH CALC. MULT. FACTCR OF 1.0C000.
GENERAL s+ LOT ANY . USERS REFERENCE TEMPERATURE 0. DEG. C
TEST DATE SEPTEMBER 1,60 BY POWELL,BUNCH
TEMP EMF DELEMF DE/DT TEMP EMF DELEMF  DE/DT
TDEG C MIC vV MIC V' MIC\V/DGC DEG C  MIC V MIC V MIC V/DGC
-32 -1353,6 42.3 42.310 8 338,.2 42.3 42.310
~-31 -1311.3 42.3 42.310 9 380.5 42.3 42,311
-30 -1269.0 42,3 42.310 10 422.8 42.3 42.308
=29 -1225.7 42.3 42.310 11 465.0  42.2 = 42.298
=28 -1184.4 42.3 42,310 12 507.2 42.2 42,289
-27 -1142.1 42.3 42.310 13 549 .4 42.2 42.279
-26 -1099.8 42.3 42,210 14 591.6 42.2 42.268
-2% =1057.5 42.3 42.310 15 633.8 42.2 42.259
-24 -1015.2 42.3 42,310 16  676.0 42.2  42.248
TTTTI23 T -972.9 0 42,3 42.310 17 718.2 42.2 42,239
-22 -930.6 42.3 42.310 18 760.4 42.2 42.228
-21 -888.3 42,3 42.3190 19 802.6 42,2 42.218
-20 -846.0 42.3 42.310 20 844 .8 42.2 42,208
-19 -803.7 42.3 42.310 21 887.0 42,2 42.198
=18 -T761.4 42.3 42.310 22 1 929.,2 42.2 42.188
-17 -719.1 42.3 42.310 23 971.3 42.1 42.178
-16 -676.8 42.3 42.310 24 1013.4 42.1 42.168
~-15 -634.5 42.3 42.310 25 1055.5 42.1 42.158
-l4  -592.2  42.3 42.310 26 1097.6  42.1 42,148
=13 -549,9 42,3 42.310 a
-12 -507.6 42,3 42.310
-11 -465.3 42.3 42.219
~-10 -423.0 42,3 42.210
-9 -380.7 42.3 42,310
T8 =338.4 42.3 42,310
-7 -296.1 42.3 42.310
-6 -253.8 42,3 42.310
-5 -211.5 42.3 42.319
-4 -169.2 42.3 42,210
-3 7 -126.9 42.3 42.210
-2 ‘8406 42-3 "2-310
-1 -42.3 42.3 42.310
-0 0.0 42,2 42.310
1 42,2 42,2 42.310
2 84.4 42.2 42.310
3 126.7 42,3 42.310
4 1692.0 42.3 42,210
5 211,3 42.3 42,310
6 253.6 42,3 42.310
7 295.9 42.3 42.310
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APPENDIX B

Low temperature thermocouple information and services.
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I "STANDARD'" TABLES

The Cryogenic Data Center of the National Bureau of Standards
maintains ''standard' tables of voltage vs. temperature for ten thermo-
couple pairs frequently used at low temperatures. These tables con-
tain interim values which will be useful until national NBS, ASTM, and
ASA tables are established for cryogenic temperatures. The ''standard"
tables now available are slightly different than the previously published
tables. The differences are caused by adjusting the older tables to ob-
tain smoother first and second differences of the voltages and sensi-
tivities. The materials, ISA designations, temperature ranges of the

data, and literature references are shown below.

) Letter Temp
Material Designations Range References
Copper vs Constantan TP-TN 1-300°K 1,2
Copper vs Gold-cobalt None 1-300°K 1,2
Copper vs 'mormal' Silver None 1-300°K 1,2
%k %k
Chromel vs Alumel KP -KN 1-280°K 2
*
Chromel vs Constantan EP-EN 1-280°K - -
LS
Chromel wvs Gold-cobalt None 1-280°K - -
Iron vs Constantan JP-JN 1-280°K 2
(modified 1913)
Iron vs Constantan YP-YN 1-280°K 2
(R.P. 1080)
"Normal' Silver vs None 1-300°K - -
Constantan
"Normal' Silver vs None 1-300°K - -

Gold-cobalt

Registered Trademark




II. MODIFICATIONS OF "STANDARD" TABLES

Users should recognize that a particular thermocouple pair will
not normally generate voltages identical to those listed in the ''standard"
tables. For example, if two copper vs, constantan thermocouples are
made from two different spools of constantan, the voltages produced by
these thermocouples will be different, and neither will be in exact agree-
ment with the ""standard' copper vs. constantan table,

To overcome this difficulty and achieve the best possible ac-
curacy in the use of thermocouples the user generally resorts to a spot
calibration. The spot calibration establishes a voltage for a given
thermocouple for a definite temperature difference., The ratio of volt-
age (measured) to voltage (''standard' table) is then applied as a factor
to the existing ''standard' table voltage. The result is a working table
for a particular thermocouple. A working calibration table could be
established for every thermocouple in use; however, it will generally
suffice to have one working table for all of the thermocouples made
from one spool of wire.

Calibrations and certifications of thermocouple materials in
some temperature ranges can be obtained from the Temperature
Physics Section of the Institute for Basic Standards, National Bureau of
Standards, Washington, D. C. The Cryogenics Division of the Institute
for Materials Research does not perform spot calibrations or thermo-

couple certifications.

III. AVAILABLE SERVICES AND DATA
The Cryogenic Data Center will furnish, at cost, the following

materials or services upon request.




1. '"Standard' thermocouple tables. 'Standard'" thermocouple

tables are available for the ten materials listed in part I. These
printed tables contain the following information: temperature
(one degree Kelvin or Celsius intervals), voltage (microvolts),
sensitivity (microvolts per degree), and the first differences

in the voltages (microvolts). Samples of the tabular data are
shown in examples 1 and 2. Example 1 is in degrees Kelvin
with a 0.0 degree Kelvin reference temperature and example 2
is in degrees Celsius with a 0,0 degree Celsius reference tem-

perature,

2. "Standard'" thermocouple data decks. The data on the com-

puter cards is the same as that in the printed tables except that
the voltage first differences are omitted and the cards have only
degree Kelvin intervals with a 0.0 degree Kelvin reference tem-
perature. The card decks are color striped to agree as nearly
as possible with ISA's recommended color code for positive

thermocouple extension wire, Example 3 is a typical data card.

3. A program deck, FACTOR, written in FORTRAN II or IV,

FACTOR was developed to adjust the '"'standard' data to fit a
particular thermocouple. This program will be discussed in

detail later in this report.

4. Computer modified tables and data decks. The Cryogenic

Data Center will process, on the NBS computer, spot calibra-
tion data furnished by the user. The Data Center will then
supply the user with any combination of adjusted working tables
and data decks. The following information must be given by the
user in order to produce a working table or card deck for a

particular thermocouple:

lo3]
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a)
b)
c)
d)
e)
f)
g)
h)
i)
j)
k)

Users name (1l to 12 characters)

Company or laboratory (1 to 15 characters)
Thermocouple material

Lot identification (1 to 6 characters)

Temperature units (degree Kelvin or degrees Celsius)
Reference temperature (same units as in (e))

Spot calibration high temperature (same units as in (e))
Spot calibration low temperature (same units as in (e))
Resulting voltage (absolute value in microvolts)

Test date (1 to 14 characters)

Output form: Tables only or tables and cards

Support necessary for the development of the services describ-

ed in this paper has been supplied by NASA, Marshall Space Flight

Center, Huntsville, Alabama. The Cryogenic Data Center will assume

the responsibility of maintaining the services on a cost basis.




THERMOCQUPLE TABLE FOR COPPER VS AUCO

NAT. BUR.
GENERAL

TEMP
DEG K

M HWN -

O ® O

10
11

13
14
15

16
17
18
19
20

21
22
23
24
25

26
27
28
29
30

31
32
33

35

36
37
38
39
40

OF STANDARDS PUB. R-188 WITH CALC.

TEST DATE SEPTVTEMBER 1,60

EMF
MIC V

0.53
2.09
4.66
8.22
12.74

18.20
24,57
31.83
39.96
48.93

58.72
69.30
80.65
92.75
105.6

119.1
133.2
148.0
163.5
179.6

196.4
213.7
231.6
250.1
269.2

288.8
308.9
329.6
350.8
372.5

394.7
417.3
440.4
464.0
488.0

512.4
537.3
562.6
588.2
614.2

LOT ANY

DELEMF
MIC Vv

0.53
1.56
2.57
3.56
4.52

5.46
6.37
7.26
8.13
8.97

9,79
10.58
11.35
12.10
12.9

13.5
14.1
14.8
15.5
16.1

16.8
17.3
17.9
18.5
19.1

19.6
20.1
20.7
21.2
21.7

22.2
22.6
23,1
23.6
24.0

26.4
24.9
25.3
25.6
26.0

ISA TYPE UNDESIG.,

MULT. FACTOR OF
« USERS REFERENCE TEMPERATURE 0.

DE/OT TEMP
MIC V/DGK DEG K
1.047 41
2.070 42
3.069 43
4.044 44
4.994 45
5.920 46
6.822 47
7.700 48
8.554 49
9.383 50
10.188 51
10.969 52
11.726 53
12.458 54
13.165 55
13.848 56
14.513 57
15.165 58
15.803 59
16.427 60
17.038 61
17.635 62
18.219 63
18.791 64
19.349 65
19.893 66
20.424 67
20.941 68
21.446 69
21.938 70
22.417 71
22.884 72
23.340 73
23.785 T4
24.218 75
24.640 76
25.052 17
25.454 78
25.846 79
26.228 80

EXAMPLE |

B-5

EMF
MIC V

640.6
66T7.4
694.6
722.1
749.9

778.1
806.6
835.4
864.5
893.9

923.6
953.6
983.9
1014.4
1045.2

1076.2
1107.5
1139.1
1170.9
1202.9

1235.1
1267.5
1300.2
1333.1
1366.2

1399.5
1433.0
1466.7
1500.5
1534.5

1568.7
1603.1
1637.6
1672.3
1707.1

1742.1
1777.2
1812.5
1847.9
1883.5

BY POWELL,BUNCH

DELEMF
MIC V

26.4
26.8
27.2
27.5
27'8

2842
28.5
28.8
29.1
29.4

29.7
30.0
30.3
30.5
30.8

31.0
31.3
31.6
31.8
32.0

32.2
32.4
32.7
32.9
33.1

33.3
33.5
33.7
33.8
34.0

34.2
34.4
34.5
34.7
34.8

35.0
35.1
35.3
35.4
35.6

BASED ON

1.000.
DEG. K

DE/OY
MIC V/DGK

26.600
26.963
27.317
27.662
27.998

28.326
28.646
28.958
29.262
29.558

29.846
30.127
30.402
30.669
30.929

31.183
31.430
31.671
31.906
32.134

32.356
32.573
32.784
32.989
33.189

33.384
33.574
33.759
33.938
34.112

34.280
34.442
34.599
34.753
34.905

35.056
35.205
35.352
35.497
35.641




THERMOCOUPLE TABLE FOR COPPER VS AUCO

NAT. BUR. OF STANDARDS PUB.
GENERAL s LOT ANY
TEMP EMF DELEMF
DEG C MIC V MIC V
-272 -9871.05 0.70
-269 -9862.91 3.71
-268 -9858,.25 4,66
-267 -9852.65 5.60
-266 -9846.15 6.50
-265 -9838.75 7.40
-264 -9830.50 8.25
-263 -9821.40 9.10
-262 -9811.49 9.91
-260 -9789.33 1l1l.47
-259 =-9777.11 12.22
=258 ~-9764.2 12.9
=257 =9750.6 13.6
=256 -9736.4 14.2
-255 -9721.5 14.9
-254 -9705.9 15.6
-253 -=9689.7 16.2
-252 -9672.8 16.9
-251 -=9655.4 17.4
-250 -9637.4 18.0
-249 -9618.8 18.6
-248 -=9599.6 19.2
-247 -9580.0 19.6
-246 -9559.8 20.2
-245 -9539.0 20.8
=244 -9517.7 21.3
=243 -=9495.9 21.8
=242 -9473.7 22.2
=241 -9451.0 22.7
~-240 -9427.8 23,2
=239 -=9404.2 23.6
-238 ‘9380.1 24.1
-237 _9355.6 24.5
~236 -9330.7 24.9
-235 -9305.3 25.4
=234 -=9279.7 25.6
=233 -=9253,6 26.1

TEST DATE SEPTEMBER 1,60

R-188

s ISA TYPE UNDESIG., BASED ON

WITH CALC.

MULT.

FACTOR OF

« USERS REFERENCE TEMPERATURE 0.
BY POWELL,BUNCH

B-6

DE/OT TEMP
MIC V/DGC DEG C
1.202 -232
2.221 -231
3.217 -230
4.188 -229
5.134 -228
6.C57 =227
6.955 -226
7.830 -225
8.680 =224
9.505 -223
10.307 -222
11.084 =221
11.837 -220
12.566 -219
13.269 -218
13.949 -217
14.612 =216
15.262 =215
15.897 =214
16.520 -213
17.128 -212
17.723 =211
18.306 =210
18.876 -209
19.431 =208
19.974 -207
20.502 =206
21.018 =205
21.521 =204
22.011 -203
22.488 =202
22.953 -201
23.408 -200
23.851 -199
24.282 -198
24.702 =197
25.513 ~195
25.904 ~194
26.284 -193
EXAMPLE 2

EMF
MIC Vv

-9227.2
~9200.3
-9173.0
-9145.5
-9117.6

-9089.4
-9060.8
-9032.0
-9002.9
-8973.4

-8943.7
-8913.6
-8883.3
-8852.7
_8821.9

-8790-9
-8759.5
-87217.9
"8696.1

-8631.8
-8599.4
-8566.6
-8533.7

-8467.2
-8433.7
-8400.0
-8332.1

-8263.5
~-8229.0
-8194.2
-8159.4

-8089.3
~-8054.0
-8018.5
-1982 .9

DELEMF
MIC V

26.4
26.9
27.3
27.5
27.9

28.2
28.6
28.8
29.1
29.5

29.7
30.1
30.3
30.6
30.8

31.0
3l.4
31.6
31.8
32.1

32.2
32.4
32.8
32.9
33.1

33.4
33.5
33.7
33.8
34.1

34.2
34.4
34.5
34.8
34.8

35.0
35.1
35.3
35.5
35.6

1.000.
DEG. C

DE/DT
MIC Vv/DGC

26,655
27.017
27.369
27.713
28.048

28.375
28.693
29.004
29.307
29.602

29.889
30.169
30.442
30.708
30.968

31.220
31.467
3L.707
31.941
32.168

32.389
32.605
32.815
33.019
33.219

33.413
33.602
33.786
33.964
34.138

34.305
34.466
34.622
34.776
34.928

35.078
35.227
35.374
35.519
35.663
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The Program FACTOR:

To help the user prepare working tables for given thermocou-
ples a computer program called FACTOR has been developed. In order
to use the FACTOR program to generate his own '"working'' data the
user is presumed to have:

1. The program FACTOR (card deck),

2. The appropriate '"'standard' thermocouple card deck,

3. Results from the user's spot calibration (to be punched as

data cards), and

4. Access to a computer which will accept either FORTRAN

II or IV.

The FORTRAN II version of FACTOR was written for an IBM
model 7090, but should be compatible with IBM models 7070/7074, 705
and 704. FACTOR may be compatible as written or easily adapted to
some other types of computers. When ordering a FACTOR program,
the type of computer to be used should be specified.

The FACTOR program calculates the proper ratio of voltage
(measured) to voltage (''standard' table), applies it to the existing
""'standard'' thermocouple table and produces a working table for a par-
ticular thermocouple. FACTOR is designed to allow any number of
data decks to be processed at one time, and any number of adjustments
to be made on any or all of the decks. The options available in the
FACTOR program are:

1. FACTOR program in either FORTRAN II or FORTRAN IV

language,

2. Output in degrees Kelvin, °K, reference temperature in °K,




Output in degrees Celsius, °C, reference temperature in°C,
Output in the form of printed tables,

Output in the form of printed tables and punched data cards,

A A

The reference temperature (emf zero) may be any temper -
ature that falls within the range of the ''standard' tables.

These options are selected by the user by punching cards as described

below.

Description of User Punched Cards:

There are three cards with which the user must concern him -
self. Two cards must be punched by the user for each set of output
(tables or tables and cards in either °K or °C with one reference tem-
perature). )

1. Card A contains the information from the spot calibration.

2, Card B identifies the material, user, date, etc.

Card Punching Detail:

Card A

Columns 1 - 6: System of units; either DEG. K or DEG, C.
The space between the period and K or C
is required,

Columns 11 - 20: High temperature of spot calibration; must
include a decimal point (number of decimal
points carried is users option) and units
must be consistent with system of units
chosen in columns 1 - 6.

Columns 21 - 30: Low temperature of spot calibration; same
form as used in columns 11 - 20 (number of

decimal places need not be the same).



Columns 31 - 40:

Columns 41 - 50:

Columns 58 - 60:

Card B

Columns 1 - 15:

Columns 21 - 26:

Columns 31 - 42:

Columns 51 - 64:

Voltage from spot calibration; units must
be microvolts., There must be a decimal
point,

Reference temperature; there must be a
decimal point and must be in the units
chosen in columns 1 - 6.

Punch YES if punched cards are desired in
addition to a printed table. Punch NO in

columns 58 - 59 if only a table is wanted.

Company or laboratory name; may be any
length up to 15 letters.

Material lot number; may be any coding
desired to identify the particular spool of
wire in question, and may be any length up
to six characters.

Users name; may be any length up to 12
characters.

Date of test; may be written in any form
desired within the given space, and may be

any length up to 14 characters.

The third card is called REPEAT card and is used as follows: the re-

peat card is used only when more than one set of output is desired for

the same material. If the user wishes to process two or more thermo-

couples of the same material in one machine run he must punch a RE-

PEAT card as described below for each extra thermocouple.

B-10




REPEAT Card
Columns 1 - 21: Punch REPEAT LAST T.C. DECK
Column 50 Punch 0 (Ed. zero)
Columns 55 - 60: Punch DEG. K; must punch DEG. K re-
gardless of units wanted. There must be a
space between the period and K.,

Columns 68 - 70: Punch YES

Example:

As an example of how the FACTOR program may be used sup-
pose the user has two '"'standard'' thermocouple decks - one of type XP -
XN and the other of type ZP-ZN. The temperature range of the '""stand-
ard" deck for the X material is 0 - 300°K and for the Z material it is
0 - 280°K. The user has three spools of the X material and two spools
of the Z material. The user identifies the three spools of X material
as 001, 002, and 003; the two spools of Z material are identified as
101 and 102.

Spot calibrations are made on each spool in question (5 tests).
Each spot calibration was done with a high temperature of 273.15°K
(0.0°C) and a low temperature of 76. 7°K (-196.95°C). The data taken
in each test was the high and low temperatures and the resulting voltage
in microvolts.

Let us further suppose that the user is JOHN DOE of DUMMY
COMPANY, and that the test date was JANUARY 3, 1965.

XP-XN Material
Spool 001: The output is to be a table in °K with a
90.0°K reference temperature (first set of
output). The user would also like a table
and punched cards in °C with a 0.0°C refer-

ence temperature. (second set of output).

ol
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Spool 002:

Spool 003:

Spool 101:

Spool 102:

The output is to be a table in °K with 0,0°K
reference temperature (third set of output).
The output is to be a table and punched cards
in °K with a 77.0°K reference temperature
(fourth set of output).

The output is to be a table in °C with a refer-
ence temperature of -167.90°C (fifth set of
output).

The output is to be a table and cards in °K
with a 20.0°K reference temperature (sixth

set of output).

The deck arrangement and the ''user punched cards'' for this ex-

ample are illustrated on the following pages.

The MONITOR CONTROL CARDS shown in the deck arrange-

ment will differ to some degree for most computer installations. In-

formation concerning what cards are necessary and how to punch them

should be available from the particular computer facilities.

The ''standard' data deck for each thermocouple material will

consist of KEY CARD 1, KEY CARD 2, and the thermocouple data.

These KEY cards are already punched and must not be changed.

NOTE: The monitors used in some computer facilities will differ to

some extent from the standard IBM monitor for which FACTOR was

written. The FACTOR program uses tape five as a peripheral read

unit, tape six as a peripheral print unit, and tape seven as a peripheral

punch unit. If the monitor being used utilizes different tape units for

these functions the program must be altered to indicate the tape units

needed. As it is now written the FACTOR program uses the read units

in statements 100,105,120, 140 and 150, the print unit in statements 665,
680, 690, 700, 725, 735, 800, 810, 865, 870, 880, 890, 955, 965, 1020 and 1030,

and the punch unit in statements 1095 and 1097.
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CARD B

CARD A

REPEAT CARD

CARD B

CARD A

"STANDARD" DATA DECK FOR ZP-ZN

CARD B

CARD A

REPEAT CARD

CARD B

CARD A

REPEAT CARD
CARD B
CARD A
REPEAT CARD
CARD B
CARD A

"STANDARD" DATA DECK FOR XP-XN H

FACTOR PROGRAM DECK B

MONITOR CONTROL CARDS

/

EXAMPLE DECK ARRANGEMENT
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DUHHY  COHPANYT Wi JOHR DOE
1 1 i1l
mni mi i
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These cards immediately follow the data deck of the XP-XN material.
They furnish the FACTOR program with the data required to generate
the first set of output from spool 001,

90000000000000000000000000FO0JO0FO00000000000000000008
» D 2 24 28 8 37 ] 4 45 1 4 s s RO MUE RS BUDRRUEND AN

.....

00000000008
i REOMNENINNRR

TIEAT LAST TaL. DELK S IEh. K
inm i 10 1 1111

1 I REPEAT CARD
lﬂﬂﬂﬂﬂﬂ0000000000000000000000ﬂﬂ0000ﬂﬂlﬂﬂﬂ00000000000000'0.000000000'

0
nuuuununannnsxnnunnunnus:naau«auuuuuununuuuuuna-nﬂuuuu-nlunnnnnnnnnnn
]

SRR RERRRRRRRRRRRRRRARRRRR AR R R NN RN A AR AR AR RN RERRRRARUEE!

1
wn

[

06000g000
181

1

123488
1

Information for the second set of output from spool 001 is supplied
by these three cards.
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Third set of output

I REPEAT CARD
0§oo000000000000000000000000000000000000000C0000000000000 O O00000000D
1
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ne
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These cards follow the ""'standard" data deck for the ZP-ZN material.

Generate the fifth set of output.

T2 ahy 1adN TOE
1 1 111
mi 1

nm mi
Ogoopooe
123458

Y

£5. X ,
(1]
1
000000000000900
3UKNGN hi KBNIADNY
i DEh. K VES
nn 1
I REPEAT CARD
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APPENDIX C

FACTOR program listing in Fortran II, Fortran IV, and
Fortran 3600,



10
11
12
13
14
16
30

FACTOR PROGRAM ( FORTRAN II)

FORMAT (A694X34F10e057XsA3)

FORMAT (49X s 114X sA6sTXsA3)

FORMAT (A63A693A3 95X sAbs4XsA63A6BXsAEsAGSA2)
FORMAT(A69A4»F10o09F1002’F1003,10X9F10009F10029F1003)
FORMAT (10X s311094A64A2)

FORMAT(2(10X93F10e0)) R

FORMAT (3Xs4HTEMP 3 5X s 3HEMF 93X s 6HDELEMF 95X s 5SHDE /DT s 7TX s 4HTEMP »5 X s

3013HEMF 9 3X s 6HDELEMF 95X s 5HDE /DT 3X)

40

FORMAT (2X s 5SHDEG Ks4Xs5HMIC V32X s5HMIC V4XsIHMIC V/DGKs4X s SHDEG K

4U14Xs5HMIC V32X 5HMIC V,4Xs9HMIC V/DGK/ /)

41

FORMAT (2X s SHUEG Cy4XsSHMIC V52X s5HMIC Ve4XsIHMIC Vv/DGC44X 95HDEG C,

4114Xs5HMIC V2Xs5HMIC Ve&4Xs 9HMIC V/DGC/ /)

50
55
60
55
70
80

FORMAT (I179F10e23F7e2sF1Ce3s1119F1CelsFT7elsFl0e3/7/)

FORMAT (179F1lUe29r7e29F 10033111 9F10elsF7elsF1l0e3)

FORMAT (I79F9e1sF7el9F11e331119F10elsFT7elsF1l0e3//)

FORMAT (I173F9e1sF7elsF11e331119F10elsF7alsF10e3)
FORMAT(17sF9elsFT7elsFlle3//)

FORMAT (1H1»24H THERMOCOUPLE TABLE FOR ,A6s4H VS sA6s11Hs ISA TYPE

801sA65A2510Hs BASED ON/29H NATe BURe OF STANDARDS PUBe ,A6,28H WITH
802CALCe MULTs FACTOR OF 4F74531He/1XsA63A63A356H, LOT sA6,29He USERS
803 REFERENCE TEMPERATURE,F7e351XsA6/16Xs10HTEST DATE »A6sA6,A245H E
804Y sA6,A6//)

90

DIMENSION T(3200),IT(300)sTOC(300)sEMFIN(30C)EMF(300),,DELEM(300),

901DEOTIN(30U) ,DEDT(300)

95

FREQUENCY 115(300)+4C0(300)s425(300)4375(300)+470(300),625(300),

951705(300),780(300),1080(3C0)»640(300)

100
102
105

1051

110
112
115
120

DATA DECK AND KEY CARDS READ IN

READ INPUT TAPE 53511+IAsATEST1sATEST?2

IF(IA)140+140,105

REALV INPUT TAPE 5’1491TEMPI’ITABLE,IFMTCH,AMAprAMATN,APUB,
ATYPE1sATYPE2

K2=IFMTCH+1

ITEMPL=ITABLE

DO 130 [=1TEMP1,1T=MPL,2

READ INPUT TAPE 54164T(1)EMFIN(I)SDEDTIN(I)sT(I+1)EMFIN(I+1),

1201DEDTINC(I+1)

13¢C
132
133
134
140
141
142
l44
15C

CONTINUE

K9=K2

IF(IFMTCH)134,4134,4514C

K9=K2+1

READ INPUT TAPE 5,1CsAUNITsTEMPHI » TEMPLOLETEST 3UREFT 4 ACARD

ITABLE=ITEMPL

IUNIT=1

REFTMP=UREFT

READ INPUT TAPE 5912’ACOMP19ACOMP2,ACOMP3,ALOT,ANAMEI,ANAMELo

1501ADATE]1 sADATE2,ADATE3

151
152
1152
2152
3152

CONVERSION CF REFTMP,TEMPHIs AND TEMPLO INTO DEGe K SYSTEM
IFCAUNIT-ATEST1)15251559152

REFTMP=REFTMP+273,15

TEMPHI=TEMPHI+273415

TEMPLO=TEMPLO+273415

IUNIT=2




155
160
165
170
175
180
185
1990
195
200
205
210
215
220
225
230
235
240
245
250
255
260
265
27C

305
310
315
320
325
330
335
340
345
350
355
360
365
372
374

375
380
385
390
395
396

465

COMPUTATION OF FACTOR

‘ITEMLO=TEMPLO

TEMP3=1TEMLO-1

TEMP4=1TEMLO

TEMPS=ITEMLO+1

EMFI3=EMFIN(ITEMLO-1)

EMFI4=EMFIN(ITEMLO)

EMFIS=EMFIN(ITEMLO+1)

U=EMF I 3% ( TEMPLO-TEMP4) ¥ (TEMPLO-TEMP5) /240
V=EMF14% (TEMPLO-TEMP3)* (TFMP5~-TEMPLO)
W=EMFI5% (TEMPLO-TEMP3 )% (TEMPLO~TEMP4) /240
EMFLO=U+V+W

ITEMHI=TEMPHI

TEMP6=ITEMHI~-1

TEMP7=1TEMHI

TEMP8=ITEMHI+1

EMFI6=EMFIN(ITEMHI-1)

EMFI7=EMFIN(ITEMHI)

EMFI8=EMFIN(ITEMHI+1)

X=EMFI6#* (TEMPHI-TEMP7) % (TEMPHI-TEMP8)/24C
Y=EMFI7#(TEMPHI-TEMP6)#* (TEMP8-TEMPHI)
Z=EMFI&* (TEMPHI-TEMP6 ) * (TEMPHI-TEMP7)/240
EMFHI=X+Y+Z

ETABLE=EMFHI-EMFLO

FACTOR=ETEST/ETABLE

CALCULATION OF EMFR

[F(REFTMP)320,310,+320

EMFR=C.0

GO TO 375

ITEMPO=REFTMP

TEMPC=ITEMPO

TEMP1=TEMPO+1.0

TEMP2=TEMPC+240

EMFIO=EMFIN(ITEMPO)

EMFIL1=EMFINC(ITEMPU+1)
EMF12=EMFIN(ITEMPO+2)

A=EMFI1O%* (REF TMP-TEMP1)* (REFTMP-TEMP2) /240
B=EMFI 1*(REF TMP-TEMPO)* (TEMP2-REFTMP)
C=EMFI2%(REFTMP-TEMFO)* (REFTMP-TEMP1)/2.0
EMFR=(A+B+{) *FACTOR
IF(IUNIT-1146543759465

CALCULATION OF EMF AND DEDT FOR ENTIRE TEMPe RANGE
DO 395 J=1TEMPI,ITEMPL

ITH =TI

EMF (J) =EMFIN(J)#FACTOR-EMFR
DEDT(J)=DEDTIN(JIY*FACTOR

CONTINUE

GO 70 398

EMF,DELEMF ,AND DEDT VALUES CORRESPONDING TO EVEN DEGe C
K3=ITEMPL-2

Cc-2




470
480
485
490
495
500
505
510
515
540
545
560
565
570
575
580
585
590
595
620
625
630
635
640
645
650

398
399
400
405
410
415
420
425
430
435
440
445

665

DO 540 I=ITEMPI,K3
D=EMFIN(I)*0478625
E=EMFIN{(I+1)%#0427750
F=EMFIN(I+2)%#(~-(4(C6375)
EMF(1)=(D+E+F)*FACTOR-EMFR
X=DEDTIN(I)*U,78625
Y=DEDTIN(I+1)%0e27750
Z=DEDTIN(I+2)%(-0606375)
DEDT(I)=(X+Y+Z)*FACTOR
CONTINUE

K4=K3+1
DCl=EMFIN(K4~-1)#(~0406375)
E1=EMFIN(K4)*0,9775C
F1l=EMF IN(K4+1)%#0eU8625
EMF(K4)=(D1+E1+F1)*FACTOR-EMFR
X1=DEDTIN(K&4=-1)*(-0406375)
Y1=DEDTIN{(K&4)*0497750
Z1=DEDTIN(K&4+1)%0.08625
DEDT (K&4)=(X1+Y1+Z1)*FACTOR
ITABLE=ITABLE-1

DO 635 I=ITEMP1,273
IT(I)=T(I)-273,.,15
CONTINUE

DO 650 1=274,1TABLE
IT(I)=T(1)-272485

CONTINUE

CALCULATION OF DELEMF

DELEM(1)=EMF (1)+EMFR

LI=ITEMPI+1

DO 420 J=L1sIFMTCH

E2=EMF (J)+C.005

E3=EMF (U-1)+0,0C5

DELEM(J)=cMF(J)-EMF(J-1)}~MODF (E2,0401)+MODF(E3,0e01)
CONTINUE

DO 445 J=K9, ITABLE

E4=EMF (J)+0e0U5

ESB=EMF (U-1)+0U,05

DELEM(J)=EMF (J)-EMF(J=-1)-MODF (E4 40«1 )+MODF (E5406l)
CONTINUE

PAGE HEADING WRITEOUT
WRITE OUTPUT TAPE 6,80,AMATP sAMATNsATYPEL1,ATYPE2APUB,FACTOR,

6651ACOMP1 s ACOMP2 ,ACOMP3 ,ALOT sUREFTsAUNIT3ADATEL1 ADATE2 sADATE3,
S5652ANAMET s ANAMEL

6890
685
690
695
700

704
705

WRITE OUTPUT TAPE 6,3C
GO TO (690s700) s IUNIT
WRITE OUTPUT TAPE 6,4C
GO TO 704

WRITE OUTPUT TAPE 6,41

WRITEOUT FOR PARAMETERS FROM T=1 TO T=FORMAT CHANGE
IF(IFMTCH) 780,780,705
DO 775 L=ITEMPI,IFMTCH



710 IF(XMODF(L-ITEMPI+1,5))735,7154735

715 IF(XMODF(L-ITEMPI+1,40))7359735,725

725 WRITE OUTPUT TAPE 64505 IT(LYSEMF(L)sDELEM(L)sDEDT(L)»IT(L+40)>
T251EMF(L+40) sDELEM(L+40) 4DEDT(L+40)

730 GO 1O 775

735 WRITE QUTPUT TAPE 6455 IT(L)sEMF(L)sDELEMIL) »DEDT(L )Y IT(L+40) >
T351EMF (L+40) sDELEMIL+40) 2DEDT(L+40)

775 CONTINUE

WRITE OUT FOR PARAMETERS FROM T=FORMAT CHANGE TO T=40
780 DO 850 L=K2,40
785 IF(XMODF(L-ITEMPI+1,5))810,790,810
790 IF(XMODF(L-TITEMPI+1,40))810+810,800
800 WRITE OUTPUT TAPE 6,60,IT(L)sEMF (L) sDELEM(L) sDEDT(L)»IT(L+40)>
BUOO1EMF(L+4U) sDELEM(L+40),DEDT(L+40)
805 GO TO 850
810 WRITE OUTPUT TAPE 6365, 1T(L)sEMF(L)sDELEM(L) sDEDTIL) s IT(L+40)>
BlOLlEMF (L+40) yDELEM(L+40),DEDT(L+40)
850 CONTINUE
855 N=0

PAGE HEADING WRITE OUT
865 WRITE OUTPUT TAPE 6,80,AMATP sAMATNATYPE1,ATYPE2,APUB,FACTOR,
8651ACOMP1 yACOMP 2 ,ACOMP3 ,ALOT yUREFTsAUNIT,ADATE]1 ,ADATE2,ADATE3,
8652ANAME] s ANAMEL
870 WRITE QUTPUT TAPE 6,3C
875 GO TO (88Us890) s IUNIT
880 WRITE OUTPUT TAPE 6,40
885 GO TO 900
890 WRITE OUTPUT TAPE 6,41

PARAMETER WRITE OUT FOR SECONDsTHIRD,ETCe PAGES
900 N=N+1
9C5 J=8O*N+1
906 JE=J+39 '
910 DO 1065 L=J,yJE
930 IF(L-ITABLE)935,935,1075
935 IF(L+40-1TABLE)940,940,100°%
940 IF(XMODF{L-ITEMPI+1,5))965+945+965
945 IF(XMODF(L-ITEMPI+144U))96599659955
955 WRITE OUTPUT TAPEL G603 IT(L) scMF (L) sDELEMIL) sDEDTIL) s IT(L+40)y
9551EMF (L+4U) yDELEM(L+40),DEDLT(L+40)
960 GO TO 1065
965 WRITE OQUTPUT TAPE 6,65, IT(L)sEMF (L) sDELEM{L)sDEDTIL)»IT(L+40) >
9651EMF (L+40) 9DELEMIL+40),DELT(L+40)
970 GO TO 1065
1005 IF(XMODF(L—-ITEMPI+1,5))1030+1010,103C
1010 IF(XMODF(L-ITEMP1+1,40))1030,5103051020
1020 WRITE OUTPUT TAPE 6570, 1T(L)sEMF (L) sDELEMIL)SDEDTI(L)
1025 GO TO 1065
1030 WRITE OUTPUT TAPE 6,65, 1T(L)sEMF (L) sDELEM(L)DEDTIL)
1065 CONTINUE
1070 IF(J+79-1TABLE)865,107551075




PUNCHED DECK QUTPUT
1075 IF(ACARD-ATEST2)1200,1080,1200
1080 DO 1100 I=I1TEMPI,ITABLE,2
1085 TOC(IN=IT(I)
1090 TOC(I+1)=IT(I+1)
1091 IF(I-ITABLE)1095,1097,1097
1095 WRITE OUTPUT TAPE 7,13 ,AMATP sAMATNSTOC(1)sEMF (1) sDEDT(1)sTOC (I#1)
10951EMF (I+1)4DEDT(1+1)
luge GO TO 110U
lu97 WRITE OUTPUT TAPE 7,13 ,AMATP sAMATNsTOCI(I)sEMF(1)sDEDT(I)
1100 CONTINUE
1200 GO TO 100
END
DATA



FACTOR PROGRAM (FORTRAN IZ)

CFCTOR ADJUSTMENT OF PUBLISHED TABLES FOR UNITSsREF. TEMPS,AND FACTOR

NONOON

DIMENSION T(300),IT(300),TOC(300),EMFIN(300),EMF(300)sDELEM(3CO0),
1DEDTIN(300) sDEDT(300)

10 FORMAT (A6 94X s4F10e0,y7X4A3)

11 FORMAT (49X s1144XsA647XyA3)

12 FORMAT(A69A63A3 35X sA034XsA6sAEIBXsAEA6IA2)

13 FORMAT(A69A49F10e0sF10e29F1Ue3910XsF10e409F10e2,5F10e3)

14 FORMAT(10Xs311054A6,A2)

16 FORMAT (2(1lUX+3F1040))

30 FORMAT(3Xs4HTEMP 3DX s SHEMF 93X s GHDELEMF 35X 3SHDE/DT 9 7TX s 4HTEMP s5X s
13HEMF 3 3X 3 6HDELEMF 35X, 5HDE /DT 93X )

40 FORMAT (2X95HDEG Ks4Xy5HMIC V92X s5HMIC V4XsIHMIC V/DGK,s4X5HDEG Ky
14X s5HMIC V92X sSHMIC Vye4Xy9HMIC V/DGK/ /)

41 FORMAT(2X3s5HDEG CyaaXs3HMIC V92X s5HMIC Ve4XsIHMIC V/DGC,y4Xs5HDEG Co
14X s5HMIC V92X s5HMIC V4Xs9HMIC V/DGC/ /)

50 FORMAT(I7sF10429sF7e2sF10e35131sFlUelsFT7elaF1l0e3/7)

55 FORMAT(179F1Ua29FT7e24F10035111sF10elsF7elsF1l043)

60 FORMAT(179F9elsF7elsF11e343111sF10elsFT7elsF1l0e3//)

65 FORMAT(I79F9elsFT7elsF1le3531119F10elsF741sF1043)

70 FORMAT(I79F9elsFTelsFlled//)

80 FORMAT(1lH1ls24H THERMOCOUPLE TABLE FOR sAb6,4H VS sA6s11H, ISA TYPE
15A69A2510Hs BASED ON/29H NAT. BURe OF STANDARDS PUBe »A6,28H WITH
2CALCe MULTe FACTOR DOF st 7¢531lHe/LIXsAEsABsASs6Hs LOT sA6929He USERS
3 REFERENCL TEMPLRATURE 3t 74331X9A6/16Xs1UHTEST DATE 5A65A64,A2,5H B
4Y sA6sAG//)

90 DIMENSION T(200)sIT(300),sTOCI300)sEMFIN(300)sEMF(300),,DELEM(300),
IDEDTIN(3GU) sDEDT(300)

95 FREQUENCY 115(300),400(300)5425(300)+375(300)+470(300)+625(300)»
1705(300),780(300),1080(300),64U(300)

DATA DECK AND KEY CARDS READ IN

100 READ (5511 )IA,ATEST1,ATEST2

102 IF(IA)140,140,105

1G5 READ (5914)ITEMP1 I TApLE s IFMTCHyAMATP ,AMATNAPUBs ATYPEL1,ATYPE?Z2

110 K2=1FMTCH+1

112 TTEMPL=ITABLE

115 DO 130 I=ITEMPTIITEMPL,Z

120 READ (5516)T (1} oEMFIN(LY sDEDTINCI) 9T(I+1)oEMFIN(I+1)y DEDTIN(I+1)

130 CONTINUE

132 K9=K2

133 IF(IFMTCH) 13441344140

134 K9=K2+1

1406 READ (5910)AUNIT s TEMPHI s TEMPLUOSETEST UREFT s ACARD

141 ITABLE=ITEMPL

142 ITUNIT=1

l44 REFTMP=UREFT

150 READ (5512)ACOMP]1,ACUMP2,ACOMP3,ALOT ,ANAMET sANAMEL, ADATE1,ADATEZ,
1ADATE?3

CONVERSION Or REFTMP,TEMPHIs ANU TEMPLO INTO DEGe K SYSTEM
151 IF(AUNIT=ATEST1)152,155,152
152 REFTMP=REFTMP+273415

1152 TEMPHI=TEMPHI+273415
2152 TEMPLO=TEMPLO+273415




3152 IUNIT=2

COMPUTATION OF FACTOR
155 ITEMLO=TEMPLO
160 TEMP3=1TEMLO-1
165 TEMP4=1TEMLO
170 TEMPS5=ITEMLO+1
175 EMFI3=EMFIN(ITEMLO-1)
180 EMFI4=EMFIN(ITEMLO)
185 EMFIS=tMFIN(ITEMLO+])
190 U=EMFI3#(TEMPLO-TEMP4)# (TEMPLO-TEMP5) /24U
195 V=EMFI4#{TEMPLO~TEMP3) % (TEMP5-TEMPLO)
200 W=EMFIo#(TEMPLO~TEMP3)#(TEMPLO~-TEMP4)/2e60U
205 EMFLO=U+V+w
210 ITEMHI=TEMPHI
215 TEMP6=1TEMHI-1
220 TEMP7=ITEMHI
225 TEMP8=1TEMHI+1
230 EMFI6=EMFIN(ITEMHI-1)
235 EMFIT7=tEMFIN(ITEMHI)
240 EMFIB=EMFIN(ITEMHAI+]1)
245 X=EMFI16%#(TEMPHI-TEMPT7)# (TEMPHI-TEMP8) /240
250 Y=EMFIT7#(TEMPHI-TEMPO)# (TEMPE-TEMPHI)
255 Z=EMFIB*¥(TEMPHI-TEMPO) # {TEMPHI-TEMP7)/2.0
260 EMFHI=X+Y+2
265 ETABLE=EMFHI-EMFLC
270 FACTOR=ETEST/ETABLE

CALCULATION OF EMFR
305 IF(REFTMP)1320,310,320
310 EMFR=Q.0
315 GO TO 375
320 ITEMPU=REFTMP
325 TEMPU=ITEMPO
330 TEMP1=TEMPO+1.0
335 TEMP2=TEMPO+2.0
340 EMFIOG=EMFINCITEMPO)
345 EMFI1=EMFIN(ITEMPO+1)
350 EMFI2=EMFIN(ITEMPO+2)
355 A=EMFIU*(REF TMP~TEMPLl )% (REFTMP-TEMP2)/240
360 B=EMFI1%#(RLFTMP-TEMPO)® (TEMP2-REFTMP)
365 C=EMFIZ%(REFTMP-TEMPO)#(REFTMP-TEMP1)/240
372 EMFR=(A+B+C) *FACTOR
374 IF(IUNIT-1)46552754465

CALCULATION COF EMF AND DEDT FOR =NTIRE TEMPe RANGE
375 DO 395 J=1TEMPI,,]ITEMPL
380 IT(UH)=T(d)
385 EMF(J)=EMFIN(J)*FACTOR-EMFR
390 DEDT(J)=DEDTIN(J)*FACTOR
395 CONTINUE
396 GO TO 398

EMF , DELEMF sAND DEDT VALUES CORRESPONDING TO EVEN DEGe C

C-7



465 K3=1TtMPL-2

470 DO 540 I=1TEMP],K3

480 D=EMFIN(1)%0e78625

485 E=EMFIN(I+1)%0427750

490 F=EMFIN(I+2)%(-0.06375)
495 EMF(I1)=(D+E+F)#FACTOR-EMFR
500 X=DEDTIN(I1%#0,78625

505 Y=DEDTIN(I+1)%042775C

510 Z=DEDTIN(I+2)%#(-006375)
515 DEDT(1)=(X+Y+Z)*FACTOR

540 CONTINUE

545 K4=K3+1

560 D1=EMFIN(K&4-1)#(-0,06375)
565 E1=EMFIN(K&4)*¥0,97750

570 F1=EMFIN(K&4+11%0,08625

575 EMF(K4)=(D1+E1+F1)*¥FACTOR-EMFR
580 X1=DEDTIN(K&4-1)%(-04,06375)
585 Y1=DEDTIN(K&)#0497750

590 Z1=DEDTIN(K&4+1)%*0.08625
595 DEDT(K&4)=(X1+Y1+Z1)#FACTOR
620 ITABLE=ITABLE-1

625 DO 635 I=ITEMPI,273

630 IT(I)=T(I1-273,.,15

635 CONTINUE

640 DO 650 [=274,1TABLE

645 IT(I)1=T(1)-272.,85

650 CONTINUE

CALCULATION OF DELEMF
398 DELEM(1)=EMF(1)+EMFR
399 L1=ITEMPI+1
400 DO 420 J=L1,IFMTCH
405 E2=EMF (J)+0.00Q05
410 E3=EMF(J-11+U.u05
415 DELEM(J)=EMF (J)—EMF(J-1)-AMOD(E2+0401)+AMOD({E3,+0401)
420 CONTINUE
425 DO 445 J=K9, [TABLE
430 E4=EMF({J)+0.05
435 ES5=EMF(J-1)+0,05
440 DELEM(J)=EMF (J)-EMF({J-1)~AMOD(E4,+0e1)+AMOD(ES5,4041)
445 CONTINUE

PAGE HEADING WRITEOUT

665 WRITE (6580)AMATP 4AMATN,ATYPL1sATYPE2 yAPUB,FACTORs ACOMP1,ACOMP2,A
1COMP34,ALOT ,UREFT yAUNI T ADATEL,ADATE2,ADATE3s ANAMEI ANAMEL

680 WRITE (64+30)

685 GO TO (690+700) s IUNIT

6590 WRITE (6540)

695 GO TO 7u4

700 WRITE (6,41)

WRITEOUT FOR PARAMETLRS FROM T=1 TO T=FORMAT CHANGE
704 IF{IFMTCH) 780,780,705
705 DO 775 L=ITEMPISIFMTCH




710 IF(MOD(L~LTEMPI+1+5))73557155735

715 IF(MOD(L-1TEMPI+1+40))735,73%, (25

725 wWRITE (6920)IT(L)sEMF (L) 9DELEMIL) sDEDT (L) 9 IT(L+40)y EMF (L+40) sDELE
IM(L+40) sDEDT (L+40)

736 GO TO 775

735 WRITE (6955)1IT(L)sEMF (L) sDELEMIL) sDEDT(L) s IT(L+40) s EMF (L+40) sDELE
IM(L+40) ,DEDT (L+40)

775 CONTINUE

WRITE OUT FOR PARAMETERS FROM T=FORMAT CHANGE TO T=40

780 DO 850 L=K2y40

785 IF(MOD(L-ITEMPI+1,5))810,4790+810

790 IF(MOD(L-ITEMPI+1,40)1810,21C4800

80C WRITE (6,560)IT(L)SFMF (L) 4DEIEMIL) sDEDT(L) s IT(L+40)s EMF (L+40) sDELE
IM(L+40) sDEDT (L+40)

805 GO TO 850

810 WRITE (6465)IT(L)sEMF(L)+»DELEMIL) sDEDT(L)sIT(L+40)s EMF(L+40)sDELE
IMIL+40) 9DEDT (L+40)

850 CONTINUE

855 N=0

PAGE HEADING WRITE OQUT

865 WRITE (6980)AMATPSAMATNSATYPL1sATYPE2sAPUBsFACTORy ACOMP1 ,ACOMP2 A
1COMP3sALOT yUREFT sAUNIT yADATE1»ADATE2 3ADATEZ sy ANAME I s ANAMEL

87C WRITE (6+30)

875 GO TO (88Us8YC) s IUNIT

880 WRITE (6440)

885 GO TO 900

890 WRITE (64+41)

PARAMETER WRITE OUT FOR SECONDSTHIRDSETCe PAGES
900 N=N+1
905 J=80%N+1
906 JE=J+39
910 DO 1065 L=JUsJE
930 IF(L-ITABLE)935,935,1U75
935 IF(L+40U-ITABLE)940,+940,1005
94C IF(MOD(L-ITEMPI+1+5))965,945,965
945 IF(MOD(L-1TEMPI+1440))965,965,955
955 WRITE (6460)1T(L)sEMF(L)DELEM(L) sDEDTI(L) s IT(L+40)s EMF (L+40) sDELE
IM(L+40) 4DEDT(L+40)
960 GO TO 1065
965 WRITE (6965) IT(L) sEMF (L) oDELEMIL)Y oDEDT (L) 9 IT(L+40) sy EMF (L+40) sDELE
IMOL+40) ,DEDT(L+40)
970 GO TO 1065
1005 IF(MOD(L-ITEMPI+1,5))1030,1010,1030
1010 IF(MCD(L-ITEMPI+1+40))1GC3051030,1020
1020 WRITE (6,7O)IT(L)sEMF (L) sDELEM(L) sDECT (L)
1025 GO TO 1ues
1U30 WRITE (6565)1T(L)sEMF(L) $DELEM(L) sDEDT (L)
1u65 CONTINUE
1070 IF(J+79~1TABLE)B6551075,1075

PUNCHED DECK OUTPUT




1075 IF(ACARD-ATEST2)1200,1080,1200

1080 DO 1100 I=ITEMPI,ITABLE,2

1085 TOC(I)=IT(I)

1090 TOC(I+1)=IT(I+1) :

1091 IF(I-ITABLE)1095,1097,1097

1095 WRITE (7,13)AMATPsAMATNTOC( 1) 4EMF (1) 4DEDT(I),TOC(I+1)4EMF(1+1),Dt
1DT(I+1)

1096 GO 70 11¢O

197 WRITE (7313)AMATPsAMATNSTOC(I)sEMF(1),DEDT(I)

1100 CONTINUE

1200 GO 70 100
END

C-10




10
11
12
13
14
16
30

40

4]

90

100
102
105
110
112
11%
120
130
132
133
134
140
141
142
144
150

151
152
1152
2152
3152

155
160
165

FACTOR PROGRAM (FORTRAN 3600)

FORMAT(AGeaX04F1Na097X9A3)

FORMAT (49X s 11 +4XeA69TXeA3)

FORMAT (A6 AGsA3 45X sA694X1A6 A6 ,BXsA64A64A2)

FORMAT (A6 sAGsF10e09F10e29F10e3910X9F10a09F10s2eF1063)

FORMAT (10X9s311094A64A2)

FORMAT(2(10X93F1040))

FORMAT (3X94HTEMP ¢5X 9 SHEMF ¢ 3X9s OHDELEMF ¢ SX 9 SHDE/DT 9 TXs 4HTEMP v SX»

13HEMF 4 3X s 6HDELEMF ¢ SX 9 SHDE/DT43X)

FORMAT (2X s SHUEG KegX9SHMIC Ve2XeSHMIC Ve4Xe9HMIC V/DGKe4X9SHDEG Ky

LeXsSHMIC Ve2XeSHMIC Ve4Xes9HMIC V/DGK/)

FORMAT (2X,9HUEG C,4X,5HMIC V,2X,5HMIC V,4X,9HMIC v,/DGC,4X,5HDEG C,

14Xe5HMIC YVe2XeSHMIC Ve4XeQHMIC V/DGC/)

FORMAT (174FL0eCoFT7e29F10e391119F10419F7e19F10.3/)

FORMAT (I 7oF10,CoF7,29F10e3sI110F10,1eF7,1eF10,3)
FORMAT(IT7eF9419FTel9F11e391119Fl0aleF7419F1043/)
FORMAT(IToF9aloFTeloFlle39ll1eF10,19F7419F10.3)
FORMAT(I7eF9alsFTelsFll.37)

FORMAT (1 H) e24H THERMOCOUPLE TABLE FOR sA694H VS 9A691]1Hs ISA TYPE

195a469a2910Hs HBASED ON/29H NAT. BUR, OF STANDARDS PUB. sAG6s28H WITH
2CALC. MULT, FACTOR OF +FT7.5s1H,/1X1A6+sA69A396Hs LOT 9A6429H. USERS
3 REFERENCF TEMPERATURE ¢FT7e391X,A6/16Xs10HTEST DATE 4A64,A69A2¢5H B
4Y yA6yAB/)

DIMENSION T(300)sIT(300)9TOC(300) +EMFIN(300)sEMF (300) +DELEM(300)

IVEDTIN(300) «DEDT(300)

DATA DECK AND KEY CARDS READ 1IN

READ(80911) TASATEST19ATEST2 $ IF(EOF+60)13000102
IF(IA)Y14001604105

READ(60416) ITEMPY ,ITABLE  IFMTCH,AMATP,AMATN,APUB, ATYPE1,ATYPE2
K2=IFMTCH+}

ITEMPL=1TARLE

DO 130 I=TTEMPLsITEMPL .2

READ(60e16) T(1) 9EMFINCI) oDEDTINCI) o T(I+1)sEMFIN(I+1)ys DEDTIN(I+l)
CONTINUE

K9=K2

IF(IFMTCH) 13441344140

K9=K2+1

READ(6Us 1N AUNIT o TEMPHI o TEMPLOJETEST UREFTsACARD

ITABLFE=[TEMPL

IuNIT=1

REF TMP=UREFT

READ (61 912)ACOMP] «ACOMP2 s ACOMP3I 9ALOTeANAMET s ANAMEILs ADATE) +ADATE2,

1ADATER

CONVERSION OF REFTMP9TEMPHIs AND TEMPLO INTO DEGe K SYSTEM
IF(AUNLT=ATEST1) 16291559152

REFTMp=REFTMP+273,15

TEMPHI=TEMPHI+273.15

TEMPLO=TEMPLO+273e15

IUNIT=2

COMPUTATION OF FACTOR
ITEMLO=TEMPLO
TEMP3=1TEMLO=1
TEMP&4=LTEMLO

C-11




FTNS.00 05/18/65

170 TEMPS=]ITEMLO+]

179 EMFI3=eMFIN(ITEMLO=])

180 EMFLG=EMFIN(ITEMLO)

185 EMFIS=EMFIN(ITEMLO+1)

190 USEMFI3#(TEMPLO=TEMP4) # (TEMPLO=TEMPS) /240
195 VSEMFI4#(TEMPLO=TEMP3) # (TEMPS=TEMPLO)

200 W=EMFJIS# (TEMPLU=TEMP3)# (TEMPLO=-TEMP4) /2,0
205 EMFLO=U+Ve+W

210 ITEMHISTEMPHI

215 TEMP6SITEMHI=]

220 TEMPT=({TEMH]

225 TEMPB=[TEMH{+]

230 EMFIO=EMFIN(ITEMHL=1)

235 EMFL7=EMFIN(ITEMHI)

240 EMFIB=EMFIN(ITEMHI+])

245 X=EMFIo# (TEMPHI=TEMP7)# (TEMPHI=TEMP8) /2.0
2590 YSEMF IT#(TEMPHI=TEMPE) # (TEMPB=TEMPHI)

255 Z=EMFIB8%# (TEMPH] «TEMPO)# (TEMPHI=-TEMPT) /2,0
260 EMFHI=X+Y+/

26% ETABLESEMFHI=EMFLO

270 FACTOR=LTEST/ETABLE

Cc CALCULATION OF EMFR
305 IF(REFTMP) 32093104320
310 EMFR=040
315 GO TO 375
320 ITEMPO=REFIMP
325 TEMPO=ITEMPU
330 TEMP1=TEMPO+1.0
335 TEMPZ2=1EMPU+2,.0
340 EMFIO=EMFIN(ITEMPN)
34% EMFLlIsEMFIN(ITEMPNS])
390 EMFIL2=EMFIN(ITEMPO+2)
355 A=EMFlU# (REFTMP=TFMPLl) # (REFTMF=TEMP2) /2.0
360 B=EMFI1#(REFTUP=TEMPY) # (TEMP2=REF TMP)
365 C=FMFIZ# (REFTHMP=TEMPU) # (REFTMP-TEMP1) /2,0
372 EMFR=(A+H+CY#FACTNR
374 IF(IUNIT=1)146593754465

C CaLCULATION OF EMF AND UVEDT FOR ENTIRE TEMP. RANGE
375 DO 395 J=TTEMPI ITEMPL
380 IT(N =T ()
385 EMF (J)=EMF [N(J) *FACTOR=EMFR
390 DEDT (1 =VEUTIN(J)#FACTOR
395 CONTINUE
396 GO TO 398

c EMF s DELEMF o AND DEDT VALUES CORRESPONDING TO EVEN DEG. C
465 KI=ITEMPL=2
470 DO S40 I=TTEMPL+K3
480 D=EMFIN(])%#0,78625
485 EzEMFIN(I«1)®#0,27750
490 F=EMFIN(]+2)%(=0.,06375)
498 EMF (1) = (U+E+F)*FACTOR=EMFR
500 X=DEDTIN(I)*#0.78625
S05 Y=DEDTIN(TI+1)#0427750
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510
51%
540
545
560
565
570
575
580
885
590
595
620
625
630
635
640
645
650

398
399
400
405
410
418
420
425
4306
435
440
445

665

680
685

690
695
TOU

704
705
710
715
725

730
735

778
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Z=DEDTIN(1+2)#(=0,06375)
DEDT(1)=(X+Y+Z)#FACTOR
CONTINUE

Ke=K3+]
D1=EMFIN(K4=1)#(=0,06375)
El1=EMFIN(K&)*0.97750
Fl=sEMFIN(K&s1)#0,08625

EMF (K4)=(D]1+E1+F1)#FACTOR=EMFR
X1=DEDTIN(Ks=1)#(=0,06375)
Y1=DENTIN(K4)%0,97750
Z)=DEDTIN(K4+)) #0,08625
DEDT(KS)=(X1+Y1+Z1)#FACTOR
ITABLE=ITABLE=~]

DO 635 I=1TEMPL,273
IT(D)=T(1)=2734]5

CONTINUE

DO 65n I=274,ITABLE
IT(I)=T(1)=272.85

CONTINyYE

CALCULATION OF DELEMF

DELEM(1)=FMF (1) +EMFR

Ll=ITEMPI+)

DO 420 JU=L1l1+IFMTCH

E2=EMF (J) +0,005

E3=EMF (U=-1)+0.005

DELEM(J) =EMF (J) =EMF (J=1)=AMOD(E290.01)+AMOD(E3+¢04,01)
CONTINUE

DO 445 J=K9,1TABLE

E4=EMF (J) + 0,05

ES=EMF (J=1) +0.05 ,
DELEM (J) SEMF (J) =EMF (J=1)=AMOD (E4+0.1) +AMOO (ESs0al)
CONT INUE

PAGE HEADING WRITEOQUT
WRITE (6] 9RU)AMATPAMATNIATYPEL+ATYPE2sAPUB+FACTORs ACOMP]l sACOMP2+A

1COMP34ALOT s U'REF T AUNIToADATE]1 +ADATE29ADATE3 s ANAMEI s ANAMEL

WRITE (61930)

GO TO (6904+700) 9IUNIT
WRITE (61440)

GO TO /04
WRITE(6144])

WRITEOUT FUR PARAMETERS FROM Tzl TO T=FORMAT CHANGE
IF(IFMICH)YTBO.780+709

DO 7T7S L=ITEMPLsIFMTCH

IF (MOD(L-TTEMPL4145))7359715+735

IFMOD (L=TITEMPL+]940) 17350735725

WRITF(61e50) ITIL) 9EMF (L) oDELEM(L) sDEDT(L) 9 IT(L+40) s EMF(L+40)+0ELE

IMUL+40) s DEDT (L+40)

GO TO 775
WRITE (6] 59) IT(L) «EMF (L) sDELEM(L) +DEDTIL) o IT(L+40) s EMF(L+40) sDELE

IMIL*40) W DEDT(L+40)

CONTINUE

WRITE OUY FukR PARAMETERS FROM T=FORMAT CHANGE TO T=40
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780 DO 850 L=K24+40

78% IF(MODI(L=TTEMPI+145))8100790+810

790 IF(MOD(L-ITEMPI+1440))810,8104+800

800 WRITE (61960) IT(L) ¢EMF (L) sDELEM(L) sDEDT (L) 91T (L +40) s EMF (L+40)+DELE
IM(L+40) sDEDT(L+40)

80% GO TO 850

810 WRITE (61965) IT(L) ¢EMF (L) sDELEM(L) +DEDT (L) o IT(L+40) EMF (L+40) +DELE
IM(L+40) 9 DEDT (L +40)

850 CONTINUE

855 N=0

PAGE HEADING WRITE OUT

B6S WRITE(bl980)AMATP.AMATNOATYPEIOATYPEZOAPUBQFACTORO ACQME;:PGQ”PZ!A
1COMP30AL0TOUREFTQAUNITOADATEI0ADATE29MDATE3Q ANAMETI s ANAMEL

870 WRITE (61+30)

87% GO TO (HBBOsRYO0) s IUNTT

880 WRITE(6])440)

885 GO TO 9Yud

890 WRITE (6les4l)

PARAMETER WRITE OUT FOR SECONDSTHIRDSETCe PAGES

900 N=N+l

905 J=80%#N+1

906 JE=J*39

910 DO 1065 L=JeJE

930 IF(L=TTARLE)IY93H993541075

935 IF(L+40=ITABLE)940+940,1005

940 IF(MOD(L=ITEMPL+145))9651945¢965

945 IF (MOD(L=ITEMPl+1440))9654965+955

955 WRITE(61960) IT (L) YEMF (L) 9DELEM (L) *DEDT (L) 21T (L+40) EMF (L+40) *'DELE
IM(L+40) yDEVT (LL+40)

960 GO TO 1065

965 WRITE(61¢69) 1TIL) ¢EMF (L) sDELEM(L) sDEDT (L) 9 iT(L+40) EMF (L+40) sDELE
IM(L+40) +DEDT (L+40)

970 GO TO 1065

1005 IF(MOD(L=ITEMPL+145))1030+101041030

1010 IF(MOD(L=TTEMPL+1440))1030+103041020

1020 WRITE(61970)IT(L) +EMF (L) +DELEM(L) 4DEDT (L)

1025 GO TO 1065

1030 WRITE(61+65) IT (L) +EMF (L) sDELEM(L) +DEDT (L)

1065 CONTINUE

1070 IF(J+79-1TABLE)B65+1075+41075

PUNCHED DECK OUTPUT

1075 IF (ACARD-ATEST2)12009108091200

1080 DO 1100 I=ITEMPI+I1TABLEs2

1085 TOC(I)=IT(I)

1090 TOC(I+1l)=1T(I+1)

109) IF(I=-ITABLE)1095+1097+1097

1095 WRITE(bZolJ)AMATP-AMATN,TOC(I)'EMF(I)aDEDT(I)oTOC(I’l)oEMF(I*l)oDE
10T (I+1)

1096 GO TO 1100

1097 WRITE(62,13)AMATP AMATNTOC (1) 4EMF (1) 4DEDT(I)

1100 CONTINUE

1200 GO TO 100

1300 END
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